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(57) ABSTRACT

Methods of selectively cleaving DNA containing duplex
nucleic acids in a complex nucleic acid mixture, as well as
nuclease containing compositions for use therein, are pro-
vided. In the subject methods, a nuclease or composition
thereof is employed to provide for selective cleavage of DNA
containing duplex nucleic acids in a complex nucleic acid
mixture. Also provided are novel duplex-stranded specific
nucleases and nucleic acids encoding the same, where the
subject nucleases are enzymes that, preferentially cleave
deoxyribonucleic acid molecules in perfectly matched
nucleic acid duplexes as compared to non-perfectly matched
nucleic acid duplexes of the same length and/or single
stranded nucleic acids. The subject methods and composi-
tions for practicing the same find use in a variety of different
applications, including, but not limited to, nucleic acid ana-
lyte detection applications, gene expression profiling appli-
cations, detection of nucleic acid variants including single
nucleotide polymorphisms applications, preparation of sub-
tracted and normalized nucleic acid libraries, etc. Finally, kits
for use in practicing the subject methods are provided.
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FIG. 2
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A. FIG. 4
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FIG. 6
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FIG. 7
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FIG. 15
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METHODS AND COMPOSITIONS FOR
SELECTIVELY CLEAVING DNA
CONTAINING DUPLEX NUCLEIC ACIDS IN A
COMPLEX NUCLEIC ACID MIXTURE, AND
NUCLEASE COMPOSITIONS FOR USE IN
PRACTICING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of PCT/US02/
38808 filed on Dec. 3, 2002; which application claims prior-
ity to the filing date of the U.S. Provisional Patent Application
Ser. No. 60/337,125 filed Dec. 4, 2001 and to the filing date of
U.S. Provisional Application Ser. No. 60/393,699 filed on Jul.
2, 2002; the disclosures of which are herein incorporated by
reference.

INTRODUCTION

1. Field of the Invention

The field of this invention is molecular biology, particu-
larly enzymes and more particularly nucleases.

2. Background of the Invention

Nucleases are enzymes that degrade nucleic acids (e.g.,
deoxyribonucleic acids, DNA, and ribonucleic acids, RNA)
and exist in various biological materials. These enzymes are
involved in DNA and RNA metabolism, including degrada-
tion, synthesis and genetic recombination of nucleic acids.
Several nucleases are digestive enzymes. Nucleases are gen-
erally classified into exonucleases and endonucleases accord-
ing to their mode of action. The former type acts on the
terminal of polynucleotide chain of nucleic acid molecule and
hydrolyzes the chain progressively to liberate nucleotides,
while the latter type cleaves a phosphodiester bond in nucleic
acid molecule distributively to produce DNA or RNA frag-
ments or oligonucleotides.

Among other uses, nucleases find use as reagents in a
variety of protocols in molecular biology. Because of the ever
increasing use of such protocols, there is continued interest in
the identification of new nucleases with novel properties. Of
particular interest would be the identification of nucleases
and compositions thereof that are capable of selectively
cleaving DNA containing duplex nucleic acids in a complex
nucleic acid mixture, as such compositions could be used in
methods of selectively manipulating such duplex nucleic
acids and would find use in a variety of different applications
in molecular biology and related fields. The present invention
satisfies this need.

Relevant Literature

Reviews about nucleases and their applications include:
Williams R J. Methods Mol Biol 2001; 160:409-429; Meiss
G, Gimadutdinow 0, Friedhoff P, Pingoud A M. Methods Mol
Biol 2001; 160:37-48; Fors L, Lieder K W, Vavra S H, Kwi-
atkowski R W. Pharmacogenomics 2000 May; 1(2):219-229;
Cappabianca [, Thomassin H, Pictet R, Grange T. Methods
Mol Biol 1999; 119:427-442; Taylor G R, Deeble J. Genet
Anal 1999 February; 14(5-6):181-186; Suck D. Biopolymers
1997, 44(4):405-421; Liu QY, Ribecco M, Pandey S, Walker
PR, Sikorska M. Ann NY Acad Sci 1999; 887:60-76; Liao T
H. J Formos Med Assoc 1997 July; 96(7):481-487; Suck D. J
Mol Recognit 1994 June; 7(2):65-70; and Liao T H. Mol Cell
Biochem 1981 Jan. 20; 34(1):15-22.

Articles disclosing nucleases from Arthropoda animals
include: Menzorova, et al., Biochemistry (Moscow), vol. 58
(1993) (in Russian) pp. 681 to 691; Menzorova, et al., Bio-
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chemistry (Moscow), vol. 59 (1994) pp 321 to 325; Chou &
Liao; Biochemica et Biophysica Acta, vol. 1036 (1990) pp 95
to 100; Lin et al., Biochemica et Biophysica Acta, vol. 1209
(1994) pp 209 to 214; Wang et al., Biochem. J., vo1346 (2000)
pp 799 to 804.

SUMMARY OF THE INVENTION

Methods of selectively cleaving DNA containing duplex
nucleic acids in a complex nucleic acid mixture, as well as
nuclease containing compositions for use therein, are pro-
vided. In the subject methods, a nuclease or composition
thereof is employed under conditions sufficient to provide for
selective cleavage of DNA containing duplex nucleic acids in
a complex nucleic acid mixture. Also provided are novel
duplex-specific nucleases (DSN) and nucleic acids encoding
the same, where the subject nucleases are enzymes that, under
specific cleavage conditions (hereinafter denoted “DSN con-
ditions”), preferentially cleave deoxyribonucleic acid mol-
ecules in perfectly matched nucleic acid duplexes as com-
pared to non-perfectly matched nucleic acid duplexes of the
same length and/or single stranded nucleic acids. The subject
methods and compositions for practicing the same find use in
a variety of different applications, including, but not limited
to, nucleic acid analyte detection applications, sequence vari-
ant detection applications, gene expression profiling applica-
tions, preparation of subtracted and normalized nucleic acid
libraries, etc. Finally, kits for use in practicing the subject
methods are provided.

BRIEF DESCRIPTION OF THE FIGURES

The file of this patent contains at least one drawing
executed in color. Copies of this patent with color drawings
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

FIG. 1 provides a schematic illustration showing that a
novel nuclease (DSN) described in the present application
discriminates between short perfect (cleave) and non-perfect
(not cleave) DNA-containing duplexes.

FIG. 2 provides the results of crab DSN action on ss phage
M13 DNA and ds A DNA. Lanes 1, 2—negative controls,
incubation without nuclease. 1—phage M13 DNA alone,
2—mixture containing phage M13 DNA and A DNA. Lanes
3, 4—digestion of phage M13 and A DNA mixture by crab
nuclease at 70° C. for 1.5 min (lane 3) and 5 min (lane 4).

FIG. 3 provides the results of a crab DSN DNAse activity
assay performed on ds- and ss-DNA 20-mer DNA substrates
labeled by TAMRA at 5'-end and DABCYL at 3'-end. Fluo-
rescence intensity was measured at 570 nm (with excitation at
550 nm). The relative fluorescence increase in the oligonucle-
otide substrate, RF], was defined as RFI=(Fi-Fo/Fmax-Fo)x
100%, where Fi is the fluorescence intensity of a substrate
after incubation with nuclease, Fo is the substrate fluores-
cence in the absence of enzyme, and Fmax represents the
fluorescence of 100% cleaved substrate. For kinetic graph
construction, three identical experiments were performed and
the average values and standard deviations were plotted (first
and second sequences shown: SEQ ID NO 55; third sequence
shown: SEQ ID NO 56).

FIGS. 4A and B provide results of crab DSN DNAse activ-
ity assay performed on 7,8,9,10, and 20-mer ds-DNA sub-
strates labeled by TAMRA at 5'-end and DABCYL at 3'-end.
Fluorescence intensity was measured at 570 nm (with exci-
tation at 550 nm). The relative fluorescence increase in the
oligonucleotide substrate, RF1, was defined as described in
FIG. 3 (the first sequence shown in FIG. 4A is labelled 20-mer
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SEQ ID NO 57; the 7, 8, 9, 10 and 20-mer complements are
SEQ ID NOs 58-62, respectively).

FIGS. 5A to C provide results of crab DSN action on one
mismatch-containing (A, B) and perfectly matched (C) DNA
duplexes formed by 5-carboxyfluorescein (F1)-5'-gccctatagt-
3'-TAMRA probe oligonucleotide and complementary
strand. Dotted line—substrate fluorescence in the absence of
enzyme; firm line—substrate fluorescence after incubation
with DSN ( labeled probe oligonucleotide in A, B and C,
bottom: SEQ ID NO 64; target sequence in A: SEQ ID NO 63;
target sequence in B: SEQ ID NO 65; target sequence in C:
SEQ ID NO 66).

FIG. 6 provides a graphic chart of the crab DSN activity
from temperature. Activity of DNAse was measured using
Kunitz assay.

FIG. 7 provides graphic chart of the crab DSN activity from
Mg>* concentration. To analyze the Mg* -ion dependence of
crab DSN, 10 nt long oligonucleotide labeled with a fluores-
cent donor (5-carboxyfluorescein) at the 5'end and a quencher
(DABCYL) at the 3'end, was mixed with non-labeled 18 nt
long oligonucleotide that contains a region perfectly comple-
mented to 10 nt oligonucleotide to form ds-DNA substrate.
Probes were prepared on ice. The DNA endonuclease activity
was assayed in 20 pl reactions containing 50 mM Tris-HCl,
pHB.0; 0.5 mkM of substrate oligonucleotides, 1 Kunitz-units
crab DSN and different concentrations of MgCl,. The reac-
tions were carried out 10 min at 35° C. and then stopped by the
addition of EDTA solution. Fluorescence was measured on
spectrofluorimeter Cary Eclypse (Varian, Australia) in 2 ml
dishes.

FIG. 8 provides a schematic diagram of detection of a
nucleic acid sequence of interest (gray line) in a complex
nucleic acid sample that also includes nucleic acids compris-
ing a sequence of interest with one nucleotide change (gray
broken line) and nucleic acids without a sequence of interest
(black line).

FIG. 9 provides a schematic diagram of an DSNP assay
with two fluorescence labeled probe oligonucleotides for
detection of two sequence variants in nucleic acid samples.
Gray circles indicate quenching agent, red and green circles
indicate fluorescence donors. Red and green asterisks indi-
cate fluorescence signal that is generated after fluorescence
oligonucleotide cleavage using a nuclease according the sub-
ject invention. Blue circle and square indicate the variable
nucleotide position.

FIGS. 10 to 14 provide results obtained from assays dem-
onstrating the ability to use a subject nuclease according to
the subject invention in a SNP detection application:

FIGS. 10A and B provide results of SNP detection using
crab DSN on PCR products, FT7normD (A) and TT79¢D (B).
Blue line and Red line—FT7normD and TT79¢D specific
oligonucleotide fluorescence before nuclease treatment,
respectively. Black line and Green line—FT7normD and
TT79cD specific oligonucleotide fluorescence after nuclease
treatment.

FIG. 11. Detection of 7028 C-T SNP in the COX1 gene
with the DSNP assay. PCR fragments of 69, 534 and 952 bp
comprising 7028 T or 7028 C variants, and pT-Adv plasmids
with 69 bp fragment insertions were used in SNP typing with
a T variant-specific signal probe. “DSN+"-reaction with crab
DSN; “DSN-"-control samples, no enzyme. (A) The multi-
well PCR plate was photographed with Olympus SZX12
fluorescent stereomicroscope equipped with a green filter. (B)
PCR strips with DSNP results for 69 bp fragments were
photographed with Multi Image Light Cabinet (Alpha Inno-
tech Corporation) under UV light.
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FIG. 12. Analysis of p53 C309T, prothrombin 20210
G-to-A and MTHFR C677T polymorphous sites in homo-
and heterozygous DNA by the DSNP assay (scheme 1). (A)
Photographs obtained on the fluorescent stereomicroscope
equipped with green (G) and red (R) filters. GR—computer
superposition of images obtained with green and red filters.
n/n—homozygous DNA samples comprising wild-type
sequence variant, n/m—heterozygous DNA samples, m/m—
homozygous DNA samples comprising mutant sequence
variant. (B) Normalized emission spectra of these samples
obtained on a spectrofluorimeter, with excitation at 480 nm
(for green fluorescence) and 550 nm (for red fluorescence).
Fluorescence values, AF, were normalized as described in
Table 1. Green line—homozygous DNA samples comprising
the wild-type sequence variant, red lin—homozygous DNA
samples comprising the mutant sequence, blue line—het-
erozygous DNA samples.

FIG. 13. Analysis of Factor V Leiden polymorphism
G1691A in homozygous and heterozygous DNA samples by
the DSNP assay. Photograph was obtained on the fluorescent
stereomicroscope equipped with green (G) and red (R) filters.
GR—computer superposition of images obtained with green
and red filters. n/n—homozygous DNA samples comprising
wild-type sequence variant, n/m—heterozygous DNA
samples, m/m—homozygous DNA samples comprising
mutant sequence variant. Non-normalized emission spectra
of'these samples after DSN cleavage reaction were obtained
on a spectrofluorimeter, with excitation at 480 nm (for green
fluorescence) and 550 nm (for red fluorescence). Green
line—homozygous DNA samples comprising the wild-type
sequence variant, red line—homozygous DNA samples com-
prising the mutant sequence, blue line—heterozygous DNA
samples.

FIG. 14. Fluorescence intensity data obtained by DSNP
assay on DNA samples containing wild-type and mutant
ApoE sequences in different proportions.

FIG. 15 provides results obtained from assays demonstrat-
ing the ability to use a subject nuclease according to the
subject invention in a nucleic acid analyte detection in RNA
sample. (A) reaction with sense RNA. (B) reaction with anti-
sense RNA (negative control). 1—fluorescence of the reac-
tion mixture after crab DSN treatment; 2—probe fluores-
cence of the reaction mixture without nuclease treatment.

FIG. 16 provides a schematic diagram of a DSN using in
the allele-specific amplification methods. Grey circles indi-
cate the quenching agent, green and red circles—fluores-
cence donors. The green and red asterisks indicate the fluo-
rescence label generated after probe oligonucleotide cutting
by a nuclease according to the subject invention. Blue and
black squares indicate the universal sequences in the allele-
specific primers and probe oligonucleotides.

FIG. 17 provides a schematic diagram of DSNP assay
performed on a solid phase. Shadow rectangles indicate the
common part of oligonucleotides that cannot be cleaved by a
nuclease according to the subject invention. Grey circles indi-
cate the quenching agent, green circles—fluorescence
donors. The green asterisks indicate the fluorescence label
generated after oligonucleotide cutting by a nuclease accord-
ing to the subject invention.

FIG. 18 provides a schematic diagram of a cDNA equal-
ization procedure according to the subject invention. Arrows
represent the adapter and complementary primer. Dashed
lines indicate rare transcripts, black color—abundant tran-
scripts. The scheme shown in FIG. 18 does not show the
ds-cDNA synthesis that might be performed by different
ways.
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FIG. 19 shows the results of agarose electrophoresis fol-
lowing ethidium-bromide staining of non-normalized ampli-
fied cDNA (line 1) and normalized amplified cDNA (line 2).
M-marker, 1 kb ladder (Gibco BRL).

FIG. 20 provides the results of agarose electrophoresis
following ethidium-bromide staining of non-normalized
amplified liver cDNA (line 1), obtained by PCR with SMART
1I oligonucleotide primer, supernormalized liver cDNA (line
2), 28 cycles; and subtracted liver cDNA (line 3), 30 cycles.
M-marker, 1 kb ladder (Gibco BRL).

FIG. 21 provides a schematic diagram of an equalizing
c¢DNA subtraction procedure according to the subject inven-
tion. Open boxes represent the adapter and complementary
primer.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

Methods of selectively cleaving DNA containing duplex
nucleic acids in a complex nucleic acid mixture, as well as
nuclease containing compositions for use therein, are pro-
vided. In the subject methods, a nuclease or composition
thereofis employed under conditions sufficient to provide for
selective cleavage of DNA containing duplex nucleic acids in
a complex nucleic acid mixture. Also provided are novel
duplex specific nucleases and nucleic acids encoding the
same, where the subject nucleases are enzymes that, under
“DSN conditions”, preferentially cleave deoxyribonucleic
acid molecules containing perfectly matched nucleic acid
duplexes as compared to non-perfectly matched nucleic acid
duplexes of the same length and/or single stranded nucleic
acids. The subject methods and compositions for practicing
the same find use in a variety of different applications, includ-
ing, but not limited to, nucleic acid analyte detection appli-
cations, sequence variant detection applications including
detection of a single nucleotide polymorphisms (SNPs), gene
expression profiling applications, detection of a specific PCR
products, preparation of subtracted and normalized nucleic
acid libraries, etc. Finally, kits for use in practicing the subject
methods are provided.

Before the subject invention is described further, it is to be
understood that the invention is not limited to the particular
embodiments of the invention described below, as variations
of the particular embodiments may be made and still fall
within the scope of the appended claims. It is also to be
understood that the terminology employed is for the purpose
of describing particular embodiments, and is not intended to
be limiting. Instead, the scope of the present invention will be
established by the appended claims.

In this specification and the appended claims, the singular
forms “a,” “an” and “the” include plural reference unless the
context clearly dictates otherwise. Unless defined otherwise,
all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in
the art to which this invention belongs.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range, and any other stated or
intervening value in that stated range, is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges,
and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges exclud-
ing either or both of those included limits are also included in
the invention.
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Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods,
devices and materials are now described.

All publications mentioned herein are incorporated herein
by reference for the purpose of describing and disclosing the
subject components of the invention that are described in the
publications, which components might be used in connection
with the presently described invention.

In further describing the subject invention, the subject
methods of selectively cleaving DNA containing duplex
nucleic acids are described first in greater detail. Next, the
novel nucleases which find use in the subject methods and
nucleic acid compositions encoding the same, as well as
methods for producing the subject nucleases, antibodies spe-
cific therefore and methods for the generation thereof are
fully described. Finally, kits that include the subject nucleases
are reviewed.

Methods of Selectively Cleaving DNA Containing Duplex
Nucleic Acids

As summarized above, the subject invention provides
methods of selectively cleaving DNA containing duplex
nucleic acids in a complex nucleic acid mixture. By “selec-
tively cleaving” is meant that the subject methods preferen-
tially cut or digest, i.e., cleave, deoxyribonucleic acid mol-
ecules present in double-stranded nucleic acids, e.g., DNA-
DNA duplexes and DNA-RNA duplexes. In many
embodiments, the subject methods are methods of preferen-
tially cleaving perfectly matched duplex nucleic acids. In
other words, the subject methods provide for preferential
cleavage of perfectly matched duplex nucleic acids, i.e.,
hybrid structures between perfectly complementary strands
where no mismatches are present, as compared to non-per-
fectly matched nucleic acid duplexes of the same length. As
such, when practicing the subject methods on a complex
nucleic acid mixture (where the term “complex nucleic acid
mixture” refers to a sample that includes two or more differ-
ent types of nucleic acids, e.g., single and double stranded
nucleic acids, RNA and DNA, etc.), perfectly matched DNA
containing duplex nucleic acids are cleaved to a much greater
extent than non-perfectly matched nucleic acid duplexes,
non-DNA containing nucleic acid duplexes and/or single-
stranded nucleic acids. In other words, the subject methods
are able to cleave or cut target DNA containing duplex nucleic
acids in a sample at a much greater rate than other nucleic
acids that may be present in the sample being treated, where
the rate of target DNA containing duplex nucleic acid cleav-
age is typically at least about 5 fold, usually at least about 10
fold and more usually at least about 50 fold, such as about 100
fold, greater than the rate of cleavage of other nucleic acids
that may be present in the sample being treated.

In many embodiments, the DNA containing nucleic acid
duplexes that are cleaved by the subject methods are DNA-
DNA duplexes that include a stretch of perfectly matched
complementary nucleic acids of at least about 8 bp long, in
certain embodiments at least 9 bp long. In other embodi-
ments, the DNA containing nucleic acid duplexes that are
cleaved by the subject methods are DNA-RNA duplexes that
include a stretch of perfectly matched complementary nucleic
acids of at least about 13 bp long, in certain embodiments at
least 15 bp long.

As the subject methods preferentially cleave DNA in
double-stranded nucleic acids, the subject methods result in
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substantially no cleavage activity with respect to single-
stranded nucleic acids. As such, when a sample is treated
according to the subject methods, the amount of DNA con-
taining double-stranded or duplex nucleic acids that is
cleaved in a complex nucleic acid mixture far exceeds the
amount of single-stranded nucleic acids that is cleaved in the

mixture, e.g., by at least about 5 fold, usually at least about 10

fold and more usually by at least about 50 fold, as measured

using the cleavage activity assays briefly summarized below:

1. DSN activity on A ds DNA and phage M13 ss-DNA is
compared by agarose gel electrophoresis. The reaction is
performed in a total volume of 10 pl comprising 1xDSN
buffer (7 mM MgCl,, 50 mM Tris-HCI, pH 8.0), 0.6 Kunitz
units DSN, 150 ng’ A DNA and 50 ng M13 DNA. To prevent
ds structure formation in phage M13 DNA, the reaction
mixture is incubated with active enzyme at 70° C. for 1, 5
or 5 min. The digestion products are visualized on a 0.9%
agarose gel following ethidium bromide staining.

2. To compare cleavage rate of the nuclease enzyme on ds and
ss DNA, synthetic oligonucleotide substrates are used. Oli-
gonucleotides labeled with a fluorescent donor at the 5' end
and a fluorescent quencher at the 3' end are used as ss DNA.
To generate ds substrates, labeled oligonucleotides are
mixed with equimolar amounts of complementary non-
labeled oligonucleotides. Probes are prepared on ice. The
cleavage reaction is performed in a total volume of 20 pl
comprising 1xDSN buffer, 0.6 Kunitz units DSN, and 0.3
UM oligonucleotide substrate. The reactions are carried out
several times (from 1 sec to 100 h) at 35° C. DNase activity
is evaluated by estimating the change in fluorescence inten-
sity of the reaction mixture during incubation with DSN.
Fluorescence intensity is measured on a spectrofluorimeter
Cary Eclypse (Varian) in 2 ml dishes. Cleavage curves are
plotted to obtain half-time for substrate cleavage. Half-
times of the cleavage for ds DNA and ss DNA were then
compared.

RNase activity is measured essentially as described by Ho
etal. (HoHC.,Shiau P. F.,LiuF. C., Chung J. G., Chen L. Y.
1998. Purification, characterization and complete amino acid
sequence of nuclease C1 from Cunninghamella echinulata
var. echinulata. Eur J. Biochem. 256: 112-118). The reaction
mixture (20 pl) contains 50 mM Tris-HC1 (pH 8.0), 5 mM
MgCl,, and 0.6 Kunitz units of DSN. After warming the
mixture at 55° C. for 5 min, freshly prepared RNA (1.2%
mass/vol., Baker’s yeast, Sigma) is added and the incubation
continued for 1 h. Following incubation, 0.1 volumes of
ammonium acetate (7.5 M) and 3 volumes of 96% ethanol are
added. The entire solution is mixed and centrifuged. The
supernatant is diluted five-fold with water and absorbance at
260 nm is determined.

As indicated above, the subject methods are methods of
selectively or preferentially cleaving deoxyribonucleic acid
(DNA) molecules in double-stranded nucleic acids. As such,
the subject methods are methods of selectively cleaving DNA
in DNA-DNA duplexes, as well as DNA/RNA hybrid
duplexes. Therefore, when a sample is treated according to
the subject methods, DNA in DNA containing duplexes are
cleaved at a rate that exceeds the rate of cleavage of any other
duplex nucleic acids (e.g., RNA in RNA-RNA and RNA-
DNA duplex nucleic acids) that may be present in the com-
plex mixture being treated, in many embodiments by at least
about 5 fold, usually at least about 10 fold and more usually
by at least about 50 fold, as measured using the cleavage
activity assays described above. The ribo- and deoxyribo-
synthetic FRET-labeled oligonucleotides of different length
described herein may be used to prepare DNA-DNA, RNA-
DNA and RNA-RNA substrates in these assays.
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Another feature of the subject methods is that they are
methods of preferentially cleaving perfectly matched DNA
containing duplex nucleic acids (DNA-DNA or DNA-RNA).
As such, when a sample is treated according to the subject
methods, completely matched DNA containing duplexes or
complexes are cleaved at a rate that is at least about 5 fold,
usually at least about 10 fold and more usually at least about
50 fold greater than the rate at which non-completely
matched DNA containing complexes (that include at least one
bp mismatch) are cleaved, as measured using the cleavage
activity assay with fluorescently labeled oligonucleotide sub-
strates described above. To prepare nuclease substrates,
labeled oligonucleotides may be mixed with non-labeled oli-
gonucleotides to form non-completely and completely
matched duplexes. A schematic diagram of the discrimination
of the completely matched DNA containing complexes from
non-completely matched complexes using the subject
nucleases is provided in FIG. 1.

In many embodiments, the discrimination between com-
pletely matched and non-completely matched DNA contain-
ing nucleic acid duplexes that are cleaved by the subject
methods occurs when these duplexes are DNA-DNA
duplexes of at least about 8 bp long, in certain embodiments
from 9 to 15 bp long and most usually 10 bp long. In other
embodiments, the discrimination between completely
matched and non-completely matched DNA containing
nucleic acid duplexes that are cleaved by the subject methods
occurs when these duplexes are DNA-RNA duplexes of at
least about 12 bp long, in certain embodiments from 13 to 25
bp long and most usually 15 bp long.

In practicing the subject methods, a sample to be treated
according to the subject methods is contacted with an appro-
priate nuclease to provide for the selective cleavage of DNA
in DNA containing duplex nucleic acids, as described above.

The subject methods are practiced on nucleic acid samples,
i.e., samples that include nucleic acids. The samples may be
obtained from a variety of different sources, depending on the
particular application being performed, where such sources
include organisms that comprise nucleic acids, i.e. viruses;
prokaryotes, e.g. bacteria, archaea and cyanobacteria; and
eukaryotes, e.g. members of the kingdom protista, such as
flagellates, amoebas and their relatives, amoeboid parasites,
ciliates and the like; members of the kingdom fungi, such as
slime molds, acellular slime molds, cellular slime molds,
water molds, true molds, conjugating fungi, sac fungi, club
fungi, imperfect fungi and the like; plants, such as algae,
mosses, liverworts, hornworts, club mosses, horsetails, ferns,
gymnosperms and flowering plants, both monocots and
dicots; and animals, including sponges, members of the phy-
lum cnidaria, e.g. jelly fish, corals and the like, combjellies,
worms, rotifers, roundworms, annelids, molluscs, arthro-
pods, echinoderms, acorn worms, and vertebrates, including
reptiles, fishes, birds, snakes, and mammals, e.g. rodents,
primates, including humans, and the like. Particular samples
of interest include biological fluids, e.g., blood, plasma, tears,
saliva, urine, tissue samples or portions thereof, cells (includ-
ing cell linear, cell lines, cell cultures etc) or lysates thereof,
etc. The sample may be used directly from its naturally occur-
ring source and/or preprocessed in a number of different
ways, as is known in the art.

In some embodiments, the sample is treated to provide for
linear nucleic acids in the sample, where a number of proto-
cols are known in the art, e.g., mechanical shearing, restric-
tion enzyme digest, etc. In some embodiments, the sample
may be from a synthetic source. In many embodiments, the
nucleic acids may be amplified using the methods known in
the art like PCR etc. The PCR methods used in the methods of
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the present invention are carried out using standard methods
(see, e.g., Ausubel et al., Current Protocols in Molecular
Biology, John Wiley and Sons, New York, 1989; Erlich, PCR
Technology, Stockton Press, New York, 1989; Innis et al.,
PCR Protocols: A Guide to Methods and Applications, Aca-
demic Press, Harcourt Brace Javanovich, New York, 1990;
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1989; Barnes, W. M. (1994) Proc Natl Acad Sci USA,
91,2216-2220). The primers and oligonucleotides used in the
methods of the present invention are preferably DNA, and can
be synthesized using standard techniques.

Insome embodiments, the nucleic acid sample of interest is
contacted with synthetic oligonucleotides to form DNA-con-
taining duplexes. In certain embodiments, these synthetic
oligonucleotides are labeled with labels known in the art as
described in detail below, e.g., these synthetic oligonucle-
otides are labeled with a fluorescent donor and acceptor (or
quencher) pair. In some embodiments, these synthetic oligo-
nucleotides are probe oligonucleotides used to detect
sequence or sequence variant in nucleic acid(s) ina sample. In
this case, each probe oligonucleotide can form a perfectly
matched duplex with a sequence or sequence variant to be
detected.

As indicated above, in practicing the subject methods, the
sample to be treated is contacted with a sufficient amount of
an appropriate nuclease under conditions that provide for the
selective DNA cleavage in a DNA containing duplex nucleic
acid, i.e., “DSN conditions.” A variety of different nucleases
may exhibit the specific properties described above under
specific cleavage conditions and thus may be employed at
least in some of the subject methods.

Representative nucleases of interest include but are not
limited to: cation-dependent endonucleases from different
sources including DNAase K from Kamchatka crab (Menzo-
rova, et al., Biochemistry (Moscow), vol. 58 (1993) (in Rus-
sian) pp. 681 to 691; Menzorova, et al., Biochemistry (Mos-
cow), vol. 59 (1994) pp 321 to 325), Ca,Mg dependent
endonuclease from sea-urchin (Menzorova, N. 1., Rasskazov,
V. A. Biokhimiia (Rus) 1981; vol 46 pp 872 to 880), and
members of the family of DNA/RNA non-specific nucleases
like shrimp nuclease (Chou & Liao; Biochemica et Bio-
physica Acta, vol. 1036 (1990) pp 95 to 100; Lin et al.,
Biochemica et Biophysica Acta, vol. 1209 (1994) pp 209 to
214; Wang et al., Biochem. J., Vol 346 (2000) pp 799 to 804)
and the like. Of particular interest in many embodiments are
the duplex-specific nucleases, including the novel nucleases,
described below.

In practicing the subject methods, the sample is contacted
with a sufficient amount of the nuclease being employed
under DSN conditions and is maintained for an amount of
time sufficient to provide for the desired amount of selective
cleavage of DNA in duplex nucleic acids. The amount of
nuclease employed will vary depending on the specific
nuclease that is employed. However, in many embodiments,
the amount of nuclease that is employed is one that is from
about 5 Kunitz-units/ml to about 80 Kunitz-units/ml, usually
from about 20 Kunitz-units/ml to about 75 Kunitz-units/ml
and more usually from about 25 Kunitz-units/ml to about 70
Kunitz-units/ml.

In these embodiments, the amount of nuclease employed
will vary proportionally as the reaction volume varies. For
example, where the actual reaction mixture is double the
exemplary reaction mixture provided above, the amount of
nuclease that is employed is, in certain embodiments, double
the exemplary amounts provided above, or is some other
proportional amount thereof.
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In practicing the subject methods, the temperature of the
reaction mixture is typically one that ranges from about 10°
C. to about 70° C., usually from about 15° C. to about 65° C.,
more usually from about 20° C. to about 60° C. In some
embodiments the temperature is a temperature in which
DNA, to be cleaved, forms duplexes. In some embodiments
the temperature is changed during cleavage reaction. For
example, at the first stage of the cleavage reaction, the tem-
perature is optimal for fragmentation of a sample nucleic
acids to short oligonucleotides by subject nuclease (tempera-
ture of fragmentation) and at the second stage, the tempera-
ture is optimal for hybridization of sample nucleic acids with
probe oligonucleotides and sufficient for cleavage of all per-
fectly matched duplexes generated by target sample nucleic
acids and probe oligonucleotides (annealing temperature).

The subject nucleases are employed under conditions
(noted as DSN conditions) where these conditions ensure
specific cleavage of nucleic acid substrates, as described
above. In certain embodiments, “DSN conditions” are con-
ditions in which Mg>* is present. In these embodiments of
DSN conditions, the Mg** concentration can range from
about 2 to about 15, where the optimal Mg>* conditions range
from about 3 to about 12, usually from about 4 to about 10 and
more usually from about 5 to about 8 mM.

Under certain DSN conditions, the pH typically ranges
from about 5 to about 10, usually from about 7 to about 8.5. In
practicing the subject methods, the reaction mixture contain-
ing the sample of nucleic acids and the nuclease is typically
maintained under DSN conditions for a period of time rang-
ing from about 1 min to about 48 h, usually from about 10 min
to about 24 h and more usually from about 20 min to about 2
h.

In practicing the subject methods, the manner in which the
various reagents are contacted with the sample may vary. As
such, in certain embodiments, the nuclease may be intro-
duced into the sample after than the introduction of any other
reagents, e.g., Mg”*. In alternative embodiments, all of the
reagents are combined at the same time. In some embodi-
ments, the nuclease may be introduced into the sample before
than the introduction of some other reagents, e.g., probe oli-
gonucleotides. The manner in which contact or combination
is achieved may vary, e.g., by introducing nuclease into the
sample, by introducing an amount of sample in a nuclease
containing medium, etc.

The subject methods are useful in a number of applications
in the field of genetic analysis. More specifically, the subject
methods are useful in methods for detection and character-
ization of nucleic acid sequences. In particular, the subject
methods find use in applications where one wishes to selec-
tively manipulate, e.g., process, detect, eliminate etc., DNA
containing duplexes in the presence of one or more other
types of nucleic acids, i.e., in a complex nucleic acid mixture.
As such, the subject methods find use in a variety of different
applications.

In one type of application, DNA containing perfectly
matched duplex nucleic acids is distinguished from other
types of nucleic acids that are present in a complex nucleic
acid mixture. In these applications, perfectly matched duplex
nucleic acids that include at least one deoxyribonucleic acid
molecule are distinguished from non-perfectly matched
duplex nucleic acids of the same length and from single
stranded nucleic acids. Specific representative applications of
this first category of applications include methods of detect-
ing nucleic acid sequences of interest in a sample and meth-
ods of detecting nucleic acid sequence changes in a sample. In
another type of application, the subject methods are
employed to selectively remove DNA containing duplex
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nucleic acids from a sample, e.g., by digestion of such duplex
nucleic acids, so as to enrich the sample for nucleic acids that
are other than DNA containing duplex nucleic acids, e.g., to
enrich for single stranded nucleic acids, e.g., single stranded
DNA, single stranded RNA, etc. Specific representative
applications of this second category include methods for con-
struction of subtractive and/or normalized (also denoted as
equalized) nucleic acids libraries.

Representative applications of interest include, but are not
limited to: methods of detection a nucleic acid analyte(s) of
interest in a sample (e.g., methods of identifying bacterial and
viral strain nucleic acid analytes and specie specific nucleic
acid analytes in a sample; methods of expression analysis,
methods of the detection of the specific PCR product(s), etc.);
methods of detection of nucleic acid variants including single
nucleotide polymorphisms (SNPs); methods of nucleic acid
sequencing; and methods of equalization and subtractive
hybridization of nucleic acid samples. Each of these specific
applications employing the subject methods are now
described in greater detail below.

Methods of Detection of the Sequence(s) and Sequence Vari-
ants

The subject methods find use in applications of detection of
sequences or sequence variants in nucleic acid samples.
These methods include, but are not limited to: methods of
identifying a nucleic acid analyte in a sample (e.g., methods
of identifying bacterial and viral strain nucleic acid analytes
and species specific nucleic acid analytes in a sample; meth-
ods of expression analysis, methods of the detection of the
specific PCR product(s), etc.); methods of detection of
nucleic acid variants including single nucleotide polymor-
phisms (SNPs); and methods of nucleic acid sequencing.

In the subject methods, the nucleic acid sample to be tested
is contacted with a subject nuclease (e.g., DSN) and with a set
of the labeled short synthetic probe oligonucleotides, that
produce perfectly matched duplexes with different sequences
or sequence variants to be detected. During incubation, per-
fectly matched duplexes between the nucleic acid sample and
probe oligonucleotide are cleaved by the DSN to generate a
sequence-specific signal.

In using the subject methods, the nucleic acid sample to be
tested is first obtained. As such, the first step in the subject
methods is to obtain a nucleic acid sample.

The sample may be obtained from a variety of different
sources, as noted above. The sample may be used directly
from its naturally occurring source and/or preprocessed in a
number of different ways, as is known in the art. Depending
on the particular application of interest, nucleic acids in the
sample may be RNA, double stranded DNA or single
stranded DNA and may be exist in linear as well as circular
forms.

In some embodiments, the sample is treated to provide for
linear nucleic acids in the sample, where a number of different
protocols are known for linearizing nucleic acids, e.g.,
mechanical shearing, restriction enzyme digest, etc. In some
embodiments, the sample may be from a synthetic source. In
some embodiments, if the sample is RNA sample, the prior
step 1s first strand cDNA preparation that is performed by any
method known in the art. Depending on the particular interest
and the amount of the starting material, the preparation of
amplified DNA might is then performed. In other embodi-
ments, nucleic acid sample is RNA that is used directly from
its naturally occurring source or synthesized (for example
synthesized from T7 promoter-containing PCR amplified
DNA by known methods).

20

25

30

45

50

55

60

65

12

In certain embodiments, to decrease the complexity of the
nucleic acids in the sample, amplification of the fraction that
is enriched of the nucleic acid sequences to be tested is per-
formed, e.g., by PCR or other methods known in the art. In
certain embodiments, specific PCR primers are used to
amplify nucleic acids of interest. In other embodiments,
adapter-specific PCR primers are used to amplify nucleic acid
sample. In each case, PCR primers are constructed to amplify
nucleic acid fragments that comprise the site for annealing of
probe oligonucleotides. In other embodiments, the DNA
sample is used without amplification.

Thus, in certain embodiments, nucleic acids to be tested are
unpurified PCR products. In other embodiments, nucleic
acids to be tested are non-amplified DNA and RNA. In some
embodiments, nucleic acids to be tested are exposed to puri-
fication using methods known in the art and ethanol precipi-
tation (with following resolution in DSN buffer). In certain
embodiments, the nucleic acids to be tested may vary is size,
but typically range in size from about 10 to about 4000 bp
(nucleotide base pairs) long, and in certain embodiments
these nucleic acids range in length from about 50 to about
1000 bp long, such as from about 60 to about 500 bp long.
After the sample is obtained, the nucleic acids of the sample
are contacted with subject nuclease and with a set of one or
more probe oligonucleotides.

The set of probe oligonucleotides may include a separate
probe oligonucleotide for each nucleic acid sequence or
sequence variant to be detected. As such, where one is assay-
ing a sample for a single nucleic acid sequence variant, the set
of probe oligonucleotides employed may include a single
probe oligonucleotide. In other embodiments where one is
assaying for two (or more) different nucleic acid sequence
variants, the set may include a different probe oligonucleotide
for each of the nucleic acid sequences to be detected. The
probe oligonucleotides are DNA in many embodiments. In
addition, they may be single-stranded linear molecules. The
probe oligonucleotides may be labeled with a detectable
label.

Suitable labels include, but are not limited to: fluorescent
labels, isotopic labels, enzymatic labels, particulate labels,
etc. For example, suitable labels include fluorochromes, e.g.
fluorescein isothiocyanate (FITC), rhodamine, Texas Red,
phycoerythrin,  allophycocyanin, 6-carboxyfluorescein
(6-FAM), 2'.7'-dimethoxy-4',5'-dichloro-6-carboxyfluores-
cein (JOE), 6-carboxy-X-rhodamine (ROX), 6-carboxy-2',4",
7',4,7-hexachlorofiuorescein (HEX), 5-carboxyfluorescein
(5-FAM) or N,N,N'N'-tetramethyl-6-carboxyrhodamine
(TAMRA), cyanine dyes, e.g. Cy5, Cy3, BODIPY dyes, e.g.
BODIPY 630/650, Alexa542, etc. Suitable isotopic labels
include radioactive labels, e.g. >*P, **P,*S, *H. Other suitable
labels include size particles that possess light scattering, fluo-
rescent properties or contain entrapped multiple fluoro-
phores. The label may be a two stage system, where the target
DNA is conjugated to biotin, haptens, etc. having a high
affinity binding partner, e.g. avidin, specific antibodies, etc.
The binding partner is conjugated to adetectable label, e.g. an
enzymatic label capable of converting a substrate to a chro-
mogenic product, a fluorescent label, and isotopic label, etc.

Of particular interest in many embodiments are oligo-
nucleotide probes that are fluorescence labeled with two or
more different fluorophores that are placed in different loca-
tions on the probe such that a different signal is observed
depending on whether the probe is or is not cleave into two or
more pieces such that the different positioned fluorophores
are separated from each other. Examples of such fluorescent
labels include, but are not limited to: non-FRET fluorescence
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quenching labels, as described in: (1) U.S. Pat. No. 6,150,097
(fluorescer-quencher pairs, where fluorescers of interest
include Fluorescein, Lucifer Yellow, BODIPY, Eosine, Eryth-
rosine, Tetramethyl-rhodamine, Texas Red and Coumarin
and quenchers of interest include: DABCYL, DABMI and
Malachite Green); the disclosure of which is herein incorpo-
rated by reference; (2) self-quenching fluorescent probes, as
described in U.S. Pat. No. 6,030,787 (reporter-quencher pairs
may be selected from xanthene dyes, including fluoresceins,
and rhodamine dyes; naphthylamines, e.g., 1-dimethylami-
nonaphthyl-5-sulfonate, 1-anilino-8-naphthalene sulfonate
and 2-p-touidinyl-6-naphthalene sulfonate; 3-phenyl-7-iso-
cyanatocoumarin, acridines, such as 9-isothiocyanatoacri-
dine and acridine orange; N-(p-(2-benzoxazolyl)phenyl)-ma-
leimide; benzoxadiazoles, stilbenes, pyrenes, and the like);
and; (3) molecular energy transfer probes, as described in
U.S. Pat. No. 6,117,635 (where specific fluorophores of inter-
est listed in the patent include: 4-acetamido-4'-isothiocyana-
tostilbene-2,2'disulfonic acid; acridine and derivatives, e.g.,
acridine, acridine isothiocyanate, 5-(2'-aminoethyl)aminon-
aphthalene-1-sulfonic acid (EDANS), 4-amino-N-[3-vinyl-
sulfonyl)phenyl|naphthalimide-3,5, disulfonate (Lucifer Yel-
low VS), N-(4-anilino-1-naphthyl)maleimide,
anthranilamide, Brilliant Yellow, coumarin and derivatives,
e.g., coumarin, 7-amino-4-methylcoumarin (AMC, Cou-
marin 120), 7-amino-4-trifluoromethylcoumarin (Coumarin
151), cyanosine, 4'-6-diaminidino-2-phenylindole (DAPI),
5',5"-dibromopyrogallol-sulfonephthalein (Bromopyro-
gallol Red), 7-d iethylamino-3-(4'-isothiocyanatophenyl)-4-
methylcoumarin, diethylenetriamine pentaacetate, 4-(4'-di-
isothiocyanatodihydro-stilbene-2,2'-disulfonic acid, 4,4'-
diisothiocyanatostilbene-2,2'-disulfonic acid,
5-[dimethylamino |Jnaphthalene-1-sulfonyl chloride (DNS,
dansyl chloride), 4-(4'-dimethylaminophenylazo)benzoic
acid (DABCYL), 4-dimethylaminophenylazophenyl-4'-
isothiocyanate (DABITC), eosin and derivatives, e.g., eosin,
eosin isothiocyanate, erythrosin and derivatives, e.g., eryth-
rosin B, erythrosin isothiocyanate, ethidium, fluorescein and
derivatives, e.g., 5-carboxyfluorescein (FAM), 5-(4,6-dichlo-
rotriazin-2-yl)aminofluorescein (DTAF), 2'7'-dimethoxy-
4'5'-dichloro-6-carboxyfluorescein (JOE), fluorescein, fluo-
rescein isothiocyanate, QFITC (XRITC), fluorescamine,
1IR144, IR1446, Malachite Green isothiocyanate, 4-methy-
lumbelliferone, ortho cresolphthalein, nitrotyrosine, pararo-
saniline, Phenol Red, B-phycoerythrin, o-phthaldialdehyde,
pyrene and derivatives, e.g., pyrene, pyrene butyrate, succin-
imidyl 1-pyrene butyrate, Reactive Red 4 (Cibacron.R™
Brilliant Red 3B-A), thodamine and derivatives, e.g., 6-car-
boxy-X-rhodamine (ROX), 6-carboxyrhodamine (R6G), lis-
samine rhodamine B sulfonyl chloride, rhodamine (Rhod),
rhodamine B, rhodamine 123, rhodamine X isothiocyanate,
sulforhodamine B, sulforhodamine 101, sulfonyl chloride
derivative of sulforhodamine 101 (Texas Red), N,N,N',N'-
tetramethyl-6-carboxyrhodamine (TAMRA), tetramethyl
rhodamine, tetramethyl rhodamine isothiocyanate (TRITC),
riboflavin, rosolic acid, terbium chelate derivatives); the dis-
closure of which is herein incorporated by reference. In these
embodiments, the two or more different moieties that make
up the detectable label, e.g., the fluorophore moieties, the
fluorophore/quencher moieties, etc., are spaced relative to
each other to provide for the specific properties desired, as is
known in the art, where the spacing required is readily deter-
mined by those of skill in the art in view of the above specifi-
cally cited patents.

The amount of sample nucleic acids in the reaction mixture
may vary but typically ranges from 1 mkg/ml to 40 mkg/ml,
usually from 2 mkg/ml to 5 mkg/ml. The amount of probe
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oligonucleotides that is contacted with the sample may vary,
but typically ranges from about 0.1 mkM to about 1 mkM,
usually from about 0.2 mkM to about 0.3 mkM for each target
nucleic acid to be detected.

If the nucleic acid sample to be tested is a DNA, the probe
oligonucleotides that are contacted with the sample typically
range in length from about 8 to about 60 nucleotides, usually
from about 9 to about 25 nucleotides and more usually from
about 10 to about 15 nucleotides.

In some embodiments, nucleic acid in the sample is RNA.
If the nucleic acid sample to be tested is RNA, the probe
oligonucleotides that are contacted with the sample typically
range in length from about 13 to about 60 nucleotides, usually
from about 14 to about 45 nucleotides and more usually from
about 15 to about 25 nucleotides.

The buffer where reaction with the subject nucleases (in
certain embodiments, crab DSN) is performed is sufficient to
provide for cleavage of DNA-containing perfectly matched
duplexes and will vary depending on the specific nuclease
that is employed. In certain embodiments, the buffer contains
Mg?* in final concentration from 2 to about 15 mM, more
usually from about 6 to about 8 mM. The pH typically ranges
from about 6 to about 10, usually from about 7 to about 8.5.

The amount of the nuclease that is contacted with the
nucleic acid sample is sufficient to provide for cleavage of
ds-DNA containing substrates present or generated in the
reaction mixture and will vary depending on the specific
nuclease that is employed. In certain embodiments, the
amount of enzyme typically ranges 5 Kunitz-units/ml to
about 80 Kunitz-units/ml, usually from about 20 Kunitz-
units/ml to about 75 Kunitz-units/ml and more usually from
about 25 Kunitz-units/ml to about 70 Kunitz-units/ml.

In some embodiments, the nucleic acid sample is first
contacted with the subject nuclease and the resultant mixture
is then maintained at temperature optimal for DSN cleaving
foraperiod of time sufficient to provide for partial cleavage of
ds-DNA and generation of short DNA fragments (on average
from about 7 to about 20 nt long). The temperature of this
stage (temperature of fragmentation) is usually from about 50
to about 65° C., more usually from about 55 to about 60° C.
The incubation period may vary but typically ranges from
about 10 to abpit 30 min.

After this step, the probe oligonucleotide(s) is added, and
the resultant mixture is maintained at a temperature sufficient
to provide the formation of duplexes between probe oligo-
nucleotides and digested target nucleic acids. The digestion
of the perfectly matched duplexes generated occurs at the
same time. Temperature conditions employed in this step
(annealing temperature) depend, at least in part, on the oligo-
nucleotide length and composition, as is known in the art. The
temperature typically ranges from about 20 to about 72° C.,
usually from about 25 to about 68° C., and most usually from
about 30 to about 40° C. The probe oligonucleotide(s) is
contacted with the reaction mixture either before, during or
after temperature change. In certain embodiments, the
nucleic acid sample is contacted with the probe oligonucle-
otides and the subject nuclease at the same time, and resultant
mixture is maintained first at temperature of fragmentation
and then at the annealing temperature.

In some embodiments, the step of incubation at a tempera-
ture of fragmentation is excluded from the protocol. In this
case, the nucleic acid sample is contacted with the probe
oligonucleotide(s) and the subject nuclease the same time,
and the resultant mixture is maintained at the annealing tem-
perature for a period of time sufficient for cleavage of any
perfectly matched DNA-containing nucleic acids present (or
generated) in the reaction mixture by the subject nuclease.
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During incubation, the subject nuclease cleaves the ds DNA
containing sample nucleic acids (e.g., PCR products) to gen-
erate short DNA fragments that can effectively hybridize with
probe oligonucleotides. All perfectly matched duplexes gen-
erated by the DNA template and probe oligonucleotides are
also cleaved by the subject nuclease. In this case the tempera-
ture conditions typically range from about 20 to about 72° C.,
usually from about 25 to about 68° C., and most usually from
30 to about 40° C. The reaction mixture, including the active
enzyme, is typically maintained for a period of time ranging
from about 30 min to about 48 hrs, usually from about 2 h to
about 24 hrs.

In some embodiments, the cleavage reaction described
above is performed in the presence of exonuclease-deficient
Klenow fragment (KF(exo-)), which catalyzes strand dis-
placement DNA synthesis by extension of the 3'-ends gener-
ated in the PCR fragment upon nicking activity of the subject
nuclease. Displaced DNA strands are involved in a reaction
with probe oligonucleotides that results in about 5-20 times
increase in the specific signals generated during probe oligo-
nucleotide cleaving. In this case the temperature conditions
typically range from about 20 to 40° C., usually from about 30
to about 37° C., and most usually from 33 to 35° C. The
reaction mixture, including the active enzyme, is typically
maintained for a period of time ranging from about 30 min to
about 12 hrs, usually from about 1 h to about 2 hrs.

In some embodiments, the nucleic acid sample being
treated or assayed is processed, e.g., heated, to destroy the
secondary structures that are present among the nucleic acids
of'the sample. In this case, the sample is contacted with the set
of probe oligonucleotides and subjected to dissociation and
annealing conditions. The order in which the dissociation and
contacting occurs may be varied, so long as the probe oligo-
nucleotides are combined with the dissociated nucleic acids
of the sample prior to the annealing step. As such, the probe
nucleic acids may be contacted with the sample prior to
dissociation in certain embodiments. In other embodiments,
the probe nucleic acids may be contacted with the sample
after dissociation but before annealing. The manner in which
the probe oligonucleotides are contacted with the sample may
vary, where representative protocols including pipette intro-
duction, etc. To denature or dissociate the secondary struc-
tures present in nucleic acids in the sample, including the
duplex target nucleic acids present therein, the sample is
heated to an elevated temperature and the heated sample is
maintained at the elevated temperature for a period of time
sufficient for any double-stranded or hybridized nucleic acids
present in the reaction mixture to dissociate. For denatur-
ation, the temperature of the reaction mixture will usually be
raised to, and maintained at, a temperature ranging from
about 85 to 100° C., usually from about 90 to 98° C. and more
usually from about 93 to 96° C. for a period of time ranging
from about 1 to 200 sec or more, often from about 3 to 120 sec,
usually from about 5 to 60 sec.

Next, the dissociated nucleic acids in the sample are
allowed to reanneal in the presence of the probe oligonucle-
otides, which have been contacted with the sample either
before, during or after dissociation. The resultant reaction
mixture is then subjected to conditions sufficient for probe
annealing to template complementary nucleic acid present in
the mixture. The temperature to which the reaction mixture is
lowered to achieve these conditions will usually be chosen to
provide optimal efficiency and specificity, and will generally
range from about 20 to about 72, usually from about 25 to 68°
C., where the specific temperature conditions employed
depend, at least in part, on the oligonucleotide length, as is
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known in the art. Annealing conditions may be maintained for
a period of time ranging from about 15 sec to overnight or
longer.

Following this annealing step (or during the annealing
step—in certain embodiments, the steps of annealing and
digestion are united), the reaction mixture is contacted with
the subject nuclease under DSN conditions (as described
above) for a period of time sufficient for the double-stranded
DNA containing substrates present in the sample, which sub-
strates include perfectly matched duplexes of target nucleic
acids and oligonucleotide probes, to be cleaved by the
enzyme.

At the end of the incubation period, the activity of the
nuclease enzyme is quenched, e.g., by addition of nuclease
inhibitors, in some embodiments, by addition of a metal ion
chelator, such as EDTA etc., where the amount of inhibitor
added to the mixture is sufficient to effectively quench/inhibit
all of the enzyme activity in the mixture. In some embodi-
ments, the activity of the enzyme is quenched by heating at
95-97° C. for 7-10 min. In some embodiments, the activity of
the enzyme is not quenched. In this case, the reaction mixture
is typically not kept more than two hours before signal detec-
tion.

Following the above cleavage step, the presence of cleaved
oligonucleotide probes is then detected and related to the
corresponding (i.e., the probe’s complementary) nucleic acid
sequence variant present in the sample. The manner in which
the cleaved oligonucleotide probes are detected necessarily
depends on the nature of the oligonucleotide probe label. For
example, where the detectable label is an isotopic label posi-
tioned at one end of the probe, one can assay for detectably
labeled fragments that are shorter than the full-length probe
size and, in this manner, detect the presence of cleaved
probes.

In certain embodiments, fluorescence labeled probes that
provide for a distinct signal upon cleavage are employed,
where examples of such probes include the FRET and fluo-
rescence quencher probes described above. In these embodi-
ments, the mixture is assayed for the presence of fluorescence
signal that occurs only upon probe cleavage, and detection of
this unique signal is employed to detect the presence of
cleaved probes.

Since the above conditions result in cleavage of substan-
tially only perfectly matched or complementary nucleic acid
molecules, cleavage of preferably those probes for which a
perfectly complementary nucleic acid sequence or sequence
variant is present in the sample occurs. As such, the detection
of'probe cleavage products in the sample, as described above,
provides for a highly accurate and specific determination of
whether or not the corresponding nucleic acid sequence or
sequence variant is present in the sample.

As mentioned above, the above general methods can be
used to detect the presence of a single nucleic acid sequence
variant of interest in a sample or a plurality of different
nucleic acid sequences in a sample. When a plurality of dif-
ferent nucleic acid sequence variants are to be detected, the
only limitation is that a labeling system, i.e., signal producing
system of one or more entities, should be employed that
provides for ready differentiation of different oligonucleotide
probes to different target nucleic acid sequence variants.
Alternatively, in the case of the array of the subject invention
(described below), the oligonucleotides may contain a same
label, because the signals for different sequence variants
would be different by their positions.

The oligonucleotide probes that are employed may be in
solution or immobilized on a solid support, e.g., presented as
an array of oligonucleotide probes. The solid supports useful
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in the methods of the invention include, but are not limited to,
agarose, acrylamide, and polystyrene beads; polystyrene
microtiter plates (for use in, e.g., ELISA); and nylon and
nitrocellulose membranes (for use in, e.g., dot or slot blot
assays). Some methods of the invention employ solid sup-
ports containing arrays of oligonucleotide probes. In these
cases, solid supports made of materials such as glass (e.g.,
glass plates), silicon or silicon-glass (e.g., microchips), or
gold (e.g., gold plates) can be used. Methods for attaching
nucleic acid probes to precise regions on such solid surfaces,
e.g., photolithographic methods, are well known in the art,
and can be used to make solid supports for use in the inven-
tion. (For example, see, Schena et al., Science 270:467-470,
1995; Kozal et al., Nature Medicine 2(7):753-759, 1996;
Cheng et al., Nucleic Acids Research 24(2):380-385, 1996;
Lipshutz et al., BioTechniques 19(3):442-447, 1995; Pease et
al., Proc. Natl. Acad. Sci. USA 91:5022-5026, 1994; Fodor et
al., Nature 364:555-556, 1993; Pirrung et al., U.S. Pat. No.
5,143,854; and Fodor et al., WO 92/10092.)

In embodiments where the oligonucleotide probe is immo-
bilized on solid support, e.g., through covalent or non-cova-
lent interactions, the presence of cleaved probe on the support
is detected and related to the nucleic acid analyte to which that
probe hybridizes, e.g., under stringent hybridization condi-
tions, such as the annealing conditions described above and in
the experimental sections, below. For example, where the
probe is labeled with a fluorescent label that provides for a
unique signal when the probe is cleaved, the signal on the
substrate is detected and related to the presence of the nucleic
acid analyte in the sample.

The above methods can be employed to either qualitatively
or quantitatively detect the presence of the nucleic acid
sequence(s) in the sample. For example, the detection of
cleaved oligonucleotide probes provides a qualitative deter-
mination of the nucleic acid sequences in the sample. To
obtain a quantitative determination of the nucleic acid
sequences in the sample, one can include a control in the
assay, e.g., a known about of dsDNA labeled substrate, which
provides a reference value to which the detected signal can be
compared and thus extrapolated to provide a quantitative
value.

The above methods find use in a number of different spe-
cific applications. Representative specific applications of
interest include the detection of nucleic acid analytes (e.g. in
diagnostics and biological applications where the presence of
one or more nucleic acid analytes is indicative of the presence
of a certain condition, organism, etc., in gene expression
profiling where multiple nucleic acid analytes expressed in a
cell are detected and compared to the same set of nucleic acids
in a reference cell), detection of nucleic acid sequence vari-
ants (e.g. analysis of known point mutations, or single oligo-
nucleotide polymorphisms in a DNA sample(s), allele dis-
crimination, nucleic acid sequencing, etc.) and the like.

Examples of each of these specific applications are
described in greater detail in the Experimental Section, infra.

Production of Normalized and Subtracted Libraries and
Probes for Differential Screening

The present invention provides several methods for obtain-
ing subtractive and/or equalized DNA libraries and for prepa-
ration probes for differential screening. The methods are
based on selectively cleavage of DNA in DNA containing
nucleic acid duplexes to retain the single stranded DNA of
interest. As such, the subject methods can be used for the
elimination of the fractions of redundant and/or common
molecules of DNA during normalization and‘\or subtractive
hybridization.
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Inusing the subject enzymes for normalization and\or sub-
tractive hybridization, the sample from which equalized
and\or subtracted libraries are to be produced is first obtained.
The sample may be obtained from a variety of different
sources, depending on the particular application being per-
formed, where such sources as described in the previous
section.

Depending on the particular interest, nucleic acids in the
sample may be a RNA, double stranded DNA (for ex.
genomic DNA or cDNA), or single stranded DNA.

If the tester nucleic acids (nucleic acids to be subtracted
and/or normalized) is RNA, the prior step is first strand DNA
preparation that is performed by any method known in the art.
Depending on the particular interest and the amount of the
starting material, the preparation of amplified DNA might is
then performed. The DNA samples can also be exposed to
mechanical shearing, restriction enzyme digest, etc. How-
ever, the methods are applicable for lengthy DNA, e.g. full-
length cDNA. In some embodiments, the sample may be from
a synthetic source.

While the DNA preparation can be performed by different
standard methods, the resultant DNA molecules must com-
prise the terminal sequences of the known structure (adapters)
that are used following PCR. Adapters are included in DNA
molecules by the method known in the art, for example,
during DNA preparation or are ligated to the prepared DNA.

Driver nucleic acids (nucleic acids that can hybridize with
the fraction that must be eliminated from tester nucleic acids)
may be a RNA, double stranded DNA (for ex. genomic DNA
or cDNA), or single stranded DNA. Ifthe driver nucleic acids
are DNA, they must not contain the adapter sequences. In
some embodiments these nucleic acids are DNA fragments or
oligonucleotides that can hybridize with the fraction that
must be eliminated from tester nucleic acids.

In certain embodiments nucleic acid samples are purified
using appropriate protocols and methods known in the art
(e.g. using QIAGEN Purification systems) and precipitated
by ethanol with following resolution in the hybridization
buffer. After the sample is obtained, the resultant DNA is
denatured in the presence (subtractive hybridization or super-
normalization)/or absence (normalization) of the driver
nucleic acids obtained from the same (supernormalization) or
other (driver for subtractive hybridization, probes for differ-
ential screening, etc.) sources. Denatured nucleic acids are
allowed to anneal (hybridization step). Annealing (sometimes
called hybridization) refers to the process by which comple-
mentary single-stranded nucleic acids form a double-
stranded structure, or duplex, mediated by hydrogen-bonding
between complementary bases in the two strands. Annealing
conditions are those values of, for example, temperature,
ionic strength, pH and solvent which will allow annealing to
occur. Many different combinations of the above-mentioned
variables will be conducive to annealing.

During annealing most of the abundant DNA molecules
will form double-stranded (ds) molecules, and the single-
stranded (ss) fraction will be equalized to a considerable
extent [Galau G. A., Klein W H., Britten R. J., Davidson E. H.
1T Arch. Biochem. Biophys. 1977. V. 179. P. 584-599]. In the
presence of driver nucleic acids, annealing leads to duplex
formation between the driver and tester nucleic acid strands if
a particular sequence is common to both nucleic acid popu-
lations. Non-hybridized single-stranded DNA is enriched in
sequences present in the experimental cell or tissue which is
related to the particular change or event being studied.
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After the hybridization step, the DNA containing duplex
nucleic acids are digested by a suitable nuclease under DSN
conditions (as described above) for a period of time sufficient
for the DNA containing double-stranded substrates present in
the sample to be cleaved by the enzyme. The amount of
enzyme that is contacted with the reaction mixture is suffi-
cient to provide for cleavage of DNA containing duplex
nucleic acids present therein, where the amount typically
ranges from about 5 min to about 48 h, usually from about 10
min to about 12 h and more usually from about 20 min to
about 1 h. The temperature of the reaction mixture during this
incubation period typically ranges from about 55 to about 72°
C., usually from about 60 to about 65° C. At the end of the
incubation period, the activity of the enzyme is quenched,
e.g., by heating of the reaction mixture (for example at 97° C.
for 7-10 min) or by addition of enzyme inhibitors (for
example by addition of a metal ion chelator, such as EDTA
etc.), where the amount of inhibitor added to the mixture is
sufficient to effectively quench/inhibit all of the enzyme
activity in the mixture.

ss-DNA fraction enriched in molecules of interest may be
then amplified by PCR with adapter-specific primer.

Duplex Specific Nucleases

As summarized above, the subject invention also provides
novel nucleases for use in practicing the abov-described
methods. The subject nucleases preferentially cleave deox-
yribonucleic acids molecules in double-stranded form. The
subject enzymes are endonucleases, such that they cut, i.e.
cleave; break, etc., deoxyribonucleic acid molecules at a
point other than the end of the molecule, if present, and do not
require the molecule to have ends, e.g., the molecule may be
aclosed circular molecule. The subject enzymes cleave deox-
yribonucleic acid substrate molecules in a manner that pro-
duces 5' phosphooligonulceotides, i.e., they cleave between
the phosphate and the 3' hydroxyl to yield 5' phosphomo-
noester products.

A feature of the subject nucleases is that, under certain
conditions (hereinafter referred to as “DSN conditions™), the
subject enzymes preferentially cleave deoxyribonucleic acid
molecules in double-stranded nucleic acids (duplex-specific
nucleases, DSN). Furthermore, under DSN conditions, the
subject enzymes cleave deoxyribonucleic acid molecules in
perfectly matched short nucleic acid duplexes with substan-
tially greater activity than non-perfectly matched nucleic acid
duplexes of the same length.

As the subject enzymes preferentially cleave double-
stranded nucleic acids under DSN conditions, they exhibit
substantially no cleavage activity with respect to single-
stranded nucleic acids. As such, the double-stranded nucleic
acid cleavage activity ofthe subject enzymes far exceeds their
single-stranded nucleic acid cleavage activity under DSN
conditions, where the ds-nucleic acid cleavage activity
exceeds ss-nucleic acid cleavage activity by at least about 5
fold, usually at least about 10 fold and more usually by at least
about 50 fold, as measured using the cleavage activity
described in above. The ds-nucleic acids that are cleaved by
the subject enzymes are nucleic acids that contain at least one
deoxyribonucleic acid (DNA) molecule. As such, the subject
enzymes cleave DNA duplexes, as well as DNA in DNA/
RNA hybrid duplexes. However, the subject enzymes exhibit
substantially no cleavage activity with respect to RNA/RNA
duplexes, such that the cleavage activity of DNA containing
duplexes exceeds the cleavage activity of any other duplex
nucleic acids by at least about 10 fold, usually at least about
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50 fold and more usually by at least about 100 fold, as mea-
sured using the cleavage activity described above.

The subject enzymes preferentially cleave DNA in per-
fectly matched DNA containing short nucleic acid duplexes
(DNA-DNA or DNA-RNA) with essentially greater activity
than non-perfectly matched DNA containing nucleic acid
duplexes of the same length. As such, under DSN conditions,
the subject enzymes cleave completely matched DNA con-
taining complexes at a rate that is at least about 5 fold, usually
at least about 10 fold and more usually at least about 50 fold
greater than the rate at which non-completely matched DNA
containing complexes (that include as few as one bp mis-
match) are cleaved, as measured using the cleavage activity
described above.

The minimal duplex length of the nucleic acid substrates of
the subject nucleases is, in many embodiments, at least 8 bp
for DNA-DNA duplexes and 13 bp for DNA-RNA duplexes.

In certain embodiments, the subject nucleases are divalent
cation dependent nucleases, such that in the absence of diva-
lent cations, the subject enzymes are inactive, i.e., they do not
cleave nucleic acids. In many embodiments, the subject
nucleases are divalent metal cation dependent, such that in the
absence of divalent metal cations, they do not cleave nucleic
acids. As the subject enzymes are divalent cation dependent,
their activity in the presence of divalent cations, specific
divalent metal cations, can be inhibited or quenched by metal
ion chelators, e.g., EDTA, etc. In addition, in some embodi-
ments, the subject nucleases are thermostable. By thermo-
stable is meant that the subject nucleases retain their activity
over a wide range of elevated temperatures. As such, the
subject nucleases are active at temperatures from about 15° C.
to about 70° C., and show optimal activity at temperatures
ranging from about 25° C. to about 65° C., usually from about
30° C. to about 65° C. and more usually from about 50° C. to
about 60° C.

In some embodiments, the subject nucleases exhibit activ-
ity in conditions ranging in pH from about 6 to more than 10,
where optimal activity is found at a pH ranging from about 6
to about 10.

In certain embodiments, the subject nucleases exhibit spe-
cific features under certain conditions (DSN conditions). In
certain embodiments, “DSN conditions” are conditions in
which Mg+ is present. In DSN conditions, the Mg>* concen-
tration can range from about 2 to about 15, where the optimal
Mg>* conditions range from about 3 to about 12, usually from
about 4 to about 10 and more usually from about 6 to about 8
mM. Under DSN conditions, the pH typically ranges from
about 6 to about 10, usually from about 7 to about 8.5.

In certain embodiments the subject nucleases are from, or
have an amino acid sequence that is substantially the same as
or identical to, a nuclease having the above properties and
found in, a Metazoan animal, particularly an Arthropodoan
animal, including the specific animals provided in the experi-
mental section below. In certain embodiments, the nucleases
are from, or have an amino acid sequence that is substantially
the same as or identical to nuclease having the above proper-
ties and found in, a crustacean, and more specifically Paralith-
odes camtschatica (also known as Kamchatka crab; red king
crab), or the other specific animals listed in the experimental
section below.

In certain embodiments, the subject enzymes have an
amino acid sequence that is substantially the same as or
identical to Kamchatka crab nuclease having the following
amino acid sequence:
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MANMESKQGIMVLGFLIVLLFVSVNGQDCVWDKDTDFPEDPPLIFDSNLELIRPVLENGK

22

(SEQ ID NO: 01)

RIVSVPSGSSLTLACSGSELINLGMEAVEAKCAGGVMLAIEGTEWEIWSLGCSNHVKETI

RRNLGTCGEADQGDRHSIGFEYYGGSIYYELISVCFGPVSETTLRTEHVLHGANIAAKDI

ETSRPSFKTSTGFFSVSMSTVYSQASQLOLMTDILGDSDLANNIIDPSQQLYFAKGHMSP

DADFVTVAEQDATYYFINALPOQWQAFNNGNWKYLEYATRDLAESHGSDLRVYSGGWSLLQ

LDDINGNPVDILLGLSEGKEVVPVPSLTWKVVYEESSSKAAATVGINNPHITTAPSPLCS

DLCSSLTWIDFNLDDLAHGYTYCCAVDDLRQAIPYIPDLGNVGLLTN

In certain embodiments, the subject enzymes have an
amino acid sequence that is substantially the same as or
identical to the specific nucleases having the amino acid
sequences provided in the experimental section below.

By “substantially the same as” is meant a protein having an
amino acid sequence that has at least about 30%, sometimes
at least about 40%, sometimes at least about 50%, sometimes
at least about 60%, sometimes at least about 75%, and in
certain embodiments at least about 80%, at least about 90%
and in certain embodiments at least about 95%, 96%, 97%,
98% or 99% sequence identity with the sequence of SED 1D
NO:01, as measured by the BLAST compare two sequences
program available on the NCBI website using default settings
using the full length sequence.

In addition to the specific nuclease proteins described
above, homologs or proteins (or fragments thereof from other
species, i.e., other animal species, are also provided, where
such homologs or proteins may be from a variety of different
types of species. By homolog is meant a protein having at
least about 35%, usually at least about 40% and more usually
at least about 60% amino acid sequence identity to the spe-
cific proteins provides above, where sequence identity is
determined using the algorithm described supra.

The subject nucleases are present in a non-naturally occur-
ring environment, e.g. are separated from their naturally
occurring environment. In certain embodiments, the enzymes
are present in a composition that is enriched for subject
enzymes as compared to their naturally occurring environ-
ment. As such, purified nucleases are provided, where by
purified is meant that nucleases are present in a composition
that is substantially free of non-nuclease proteins, where by
substantially free is meant that less than 90%, usually less
than 60% and more usually less than 50% (by dry weight) of
the composition is made up of non-nuclease proteins.

In certain embodiments of interest, the subject proteins are
present in a composition that is substantially free of the con-
stituents that are present in their naturally occurring environ-
ment. For example, a nuclease comprising composition
according to the subject invention in this embodiment is sub-
stantially, if not completely, free of those other biological
constituents, such as proteins, carbohydrates, lipids, etc., with
which it is present in its natural environment. As such, protein
compositions of these embodiments will necessarily differ
from those that are prepared by purifying the protein from a
naturally occurring source, where at least trace amounts of the
constituents or other components of the protein’s naturally
occurring source will still be present in the composition pre-
pared from the naturally occurring source.

AAGCAGTGGTATCAACGCAGAGTACGCGGGGGAGATAGGACTGAGTGAGTGAGTGTGAGA

—
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The subject proteins may also be present as isolates, by
which is meant that the proteins are substantially free of both
non-nuclease proteins and other naturally occurring biologic
molecules, such as oligosaccharides, polynucleotides and
fragments thereof, and the like, where substantially free in
this instance means that less than 70%, usually less than 60%
and more usually less than 50% (by dry weight) of the com-
position containing the isolated protein is a non-deoxyribose
naturally occurring biological molecule. In certain embodi-
ments, the subject proteins are present in substantially pure
form, where by substantially pure form is meant at least 95%,
usually at least 97% and more usually at least 99% pure.

In yet other embodiments, the subject nuclease may be
present in a preparation that contains much less of the
nuclease, e.g., less than about 50%, usually less than about
25% and often less than about 10 or even 5%, where in these
embodiments, the preparation may have been treated, e.g.,
warmed.

In addition to the naturally occurring proteins described
above, polypeptides that vary from the naturally occurring
proteins are also provided. Such polypeptides are proteins
having an amino acid sequence encoded by an open reading
frame (ORF) of a protein according to the subject invention,
described above, including the full length protein and frag-
ments thereof, particularly biologically active fragments and/
or fragments corresponding to functional domains, and
including fusions of the subject polypeptides to other proteins
or parts thereof. Fragments of interest will typically be at least
about 10 aa in length, usually at least about 50 aa in length,
and may be as long as 250 aa in length or longer, but will
usually not exceed about the length of the full length protein.

Nucleic Acid Compositions

Also provided are nucleic acid compositions that encode
the subject nucleases, fragments thereof, etc., as described
above. Specifically, nucleic acid compositions encoding the
above described enzymes/proteins, as well as fragments or
homologs thereof, are provided. By “nucleic acid composi-
tion” is meant a composition comprising a sequence of nucle-
otide bases that encodes a nuclease polypeptide of the subject
invention, as described above, i.e., a region of genomic DNA
capable of being transcribed into mRNA that encodes a sub-
ject polypeptide, the mRNA that encodes and directs the
synthesis of a subject polypeptide, etc. Also encompassed in
this term are nucleic acids that are homologous, substantially
similar or identical to the nucleic acids specifically disclosed
herein. A specific coding sequences of interest is:

Kamchatka Crab:

(SEQ ID NO: 02)

GGGAAAGAAGGAATGGCCAACATGGAGTCCAAGCAAGGAATAATGGTTTTGGGATTCTTA
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-continued
ATTGTCCTCCTCTTCGTGTCTGTCAATGGCCAGGACTGTGTGTGGGACAAGGACACGGAC

TTTCCCGAGGACCCGCCACTCATTTTCGATTCAAACTTGGAGCTCATCAGACCCGTCTTG
GAAAATGGCAAAAGGATCGTCACTGTCCCCAGTGGCAGCAGCTTAACCTTGGCCTGCTCT
GGGTCTGAACTGATCAACCTGGGCATGGAGGCGGTGGAAGCCAAGTGTGCTGGGGGAGTC
ATGCTTGCCATAGAAGGAACGGAGTGGGAGAT CTGGAGCCTGGGGTGCAGCAACCACGTG
AAGGAGACCATCCGCCGCAACCTTGGAACATGTGGGGAAGCGGACCAGGGGGATAGGCALC
AGTATTGGCTTCGAGTACTACGGTGGCTCCATCTATTATGAACTGATCAGCGTGTGTTTC
GGGCCCGTGTCCGAAACAACCTTGCGCACCGAGCATGTCCTCCACGGCGCCAACATTGCC
GCCAAGGACATCGAGACCTCCCGCCCCTCCTTCAAGACCTCCACCGGCTTCTTCAGCGTC
TCCATGTCCACCGTCTACAGCCAGGCGTCACAGCTGCAGTTAATGACAGACATATTGGGA
GATTCGGATCTAGCCAACAACATCATCGACCCCTCCCAACAGTTGTACTTCGCCAAAGGT
CACATGTCTCCTGACGCAGACTTTGTGACGGTGGCAGAACAGGACGCCACCTACTACTTC
ATCAACGCCCTACCGCAGTGGCAGGCCTTCAATAATGGCAACTGGAAGTACCTAGAATAC
GCGACCCGAGACCTGGCCGAATCCCACGGTAGCGACCTGCGAGTGTATAGCGGAGGGTGG
AGCCTGCTGCAGCTAGATGATATTAACGGCAACCCCGTGGACATCCTGCTGGGACTGTCT
GAGGGCAAGGAGGTCGTGCCCGTTCCATCCCTCACTTGGAAGGTGGTTTACGAAGAGAGC
AGCAGCAAAGCGCCCGCGATCGTCGGTATCAACAACCCTCACATCACCACCGCCCCCTCC
CCCTTGTGTTCCGACCTGTGCTCCTCCTTGACCTGGATAGACTTCAACCTGGACGACCTG
GCTCACGGGTACACCTACTGTTGTGCCGTAGATGACCTCCGGCAGGCCATACCCTATATC
CCGGACCTGGGCAATGTCGGACTCCTCACTAACTAATTCTATCTATCTATCATATATGCT

CAGGCCCAATCCCCATTTTGGGGGTAGCCGAACT CAAGAACAGAGCCAAGAAACAGGGAA

24

AAAAAAAAAAAAAAAADNAANAAAAARNADANAARARADNDD

Also provided are nucleic acids that are homologous to the
provided nucleic acid of SEQ ID NO:02, at least with respect
to the coding region thereof. The source of homologous
nucleic acids to those specifically listed above may be any
species. In certain embodiments, the homologs have
sequence similarity, e.g., at least 30% sequence identity, usu-
ally at least 40%, more usually at least 50% sequence identity
between nucleotide sequences. Sequence identity is calcu-
lated based on a reference sequence, which may be a subset of
a larger sequence, such as a conserved motif, coding region,
flanking region, etc. A reference sequence will usually be at
least about 18 nt long, more usually at least about 30 nt long,
and may extend to the complete sequence that is being com-
pared. Algorithms for sequence analysis are known in the art,
such as BLAST, described in Altschul etal. (1990), J. Mol.
Biol. 215:403-10 (using default settings, i.e. parameters w=4
and T=17). Unless indicated otherwise, the sequence similar-
ity values reported herein are those determined using the
above referenced BLAST program using default settings.

Of particular interest in certain embodiments are nucleic
acids including a sequence substantially similar to the spe-
cific nucleic acids identified above, where by substantially
similar is meant having sequence identity to this sequence of
at least about 90%, usually at least about 95% and more
usually at least about 99%.

Also provided are nucleic acids that hybridize to the above
described nucleic acids under stringent conditions. An
example of stringent hybridization conditions is hybridiza-
tion at 50° C. or higher and 0.1xSSC (15 mM sodium chlo-
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ride/1.5 mM sodium citrate). Another example of stringent
hybridization conditions is overnight incubation at42° C.in a
solution: 50% formamide, 5xSSC (150 mM NaCl, 15 mM
trisodium citrate), 50 mM sodium phosphate (pH7.6), 5x
Denhardt’s solution, 10% dextran sulfate, and 20 ng/ml dena-
tured, sheared salmon sperm DNA, followed by washing the
filters in 0.1xSSC at about 65° C. Stringent hybridization
conditions are hybridization conditions that are at least as
stringent as the above representative conditions. Other strin-
gent hybridization conditions are known in the art and may
also be employed to identify nucleic acids of this particular
embodiment of the invention.

The subject nucleic acids may be cDNAs or genomic
DNAs, as well as fragments thereof. The nucleic acids may
also be mRNAs, e.g., transcribed from genomic DNA, that
encode (i.e. are translated into) the subject proteins and
polypeptides. Genomic DNA typically includes the open
reading frame encoding the subject proteins and polypep-
tides, and introns, as well as adjacent 5' and 3' non-coding
nucleotide sequences involved, e.g., untranslated regions,
promoter or other regulatory elements, etc., in the regulation
of'expression, up to about 20 kb beyond the coding region, but
possibly further in either direction. The genomic DNA may
be introduced into an appropriate vector for extrachromo-
somal maintenance or for integration into a host genome.

As such, a genomic sequence of interest comprises the
nucleic acid present between the initiation codon and the stop
codon, as defined in the listed sequences, including all of the
introns that are normally present in a native chromosome. It
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may further include specific transcriptional and translational
regulatory sequences, such as promoters, enhancers, etc.,
including about 1 kb, but possibly more, of flanking genomic
DNA at either the 5' and 3' end of the transcribed region. The
genomic DNA may be isolated as a fragment of 100 kbp or
smaller; and substantially free of flanking chromosomal
sequence. The genomic DNA flanking the coding region,
either 3' or 5', or internal regulatory sequences as sometimes
found in introns, contains sequences required for proper tis-
sue and stage specific expression.

The term “cDNA” as used herein is intended to include all
nucleic acids that share the arrangement of sequence ele-
ments found in native mature mRNA species, where sequence
elements at least include exons. Normally mRNA species
have contiguous exons, with the intervening introns, when
present, being removed by nuclear RNA splicing, to create a
continuous open reading frame encoding the subject proteins.

The nucleic acid compositions of the subject invention may
encode all or a part of the subject proteins and polypeptides,
described in greater detail above. Double or single stranded
fragments may be obtained from the DNA sequence by
chemically synthesizing oligonucleotides in accordance with
conventional methods, by restriction enzyme digestion, by
PCR amplification, etc. For the most part, DNA fragments
will be of at least 15 nt, usually at least 18 nt or 25 nt, and may
be at least about 50 nt.

The nucleic acids of the subject invention are isolated and
obtained in substantial purity, generally as other than an intact
chromosome. Usually, the DNA will be obtained substan-
tially free of other nucleic acid sequences that do not include
a coding sequence or fragment thereof for the subject pro-
teins, generally being at least about 50%, usually at least
about 90% pure and are typically “recombinant,” i.e. flanked
by one or more nucleotides with which it is not normally
associated on a naturally occurring chromosome.

In addition to the plurality of uses described in greater
detail in following sections, the subject nucleic acid compo-
sitions find use in the preparation of all or a portion of the
subject proteins/polypeptides, as described below.

Also provided are nucleic acid probes, as well as con-
structs, e.g., vectors, expression systems, etc., as described
more fully below, that include a nucleic acid sequence as
described above. Probes of the subject invention are generally
fragments of the provided nucleic acid. The probes may be
large or small fragments, generally ranging in length from
about 10 to 100 or more nt, usually from about 15 to 50 nt. In
using the subject probes, nucleic acids having sequence simi-
larity are detected by hybridization under low stringency
conditions, for example, at 50° C. and 6xSSC (0.9 M sodium
chloride/0.09 M sodium citrate)(or analogous conditions)
and remain bound when subjected to washing at higher strin-
gency conditions, e.g., 55° C. in 1xSSC (0.15 M sodium
chloride/0.015 M sodium citrate) (or analogous conditions).
Sequence identity may be determined by hybridization under
stringent conditions, for example, at 50° C. or higher and
0.1xSSC (15 mM sodium chloride/01.5 mM sodium citrate)
(or analogous conditions). Nucleic acids having a region of
substantial identity to the provided nucleic acid sequences
bind to the provided sequences under stringent hybridization
conditions. By using probes, particularly labeled probes of
DNA sequences, one can isolate homologous or related
sequences.

The subject nucleic acids are isolated and obtained in sub-
stantial purity, generally as other than an intact chromosome.
As such, they are present in other than their naturally occur-
ring environment. Usually, the DNA will be obtained substan-
tially free of other nucleic acid sequences that do not encode
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the above proteins/polypeptides, generally being at least
about 50%, usually at least about 90% pure and are typically
“recombinant”, i.e. flanked by one or more nucleotides with
which it is not normally associated on a naturally occurring
chromosome.

The subject nucleic acids may be produced using any con-
venient protocol, including synthetic protocols, e.g., such as
those where the nucleic acid is synthesized by a sequential
monomeric approach (e.g., via phosphoramidite chemistry);
where subparts of the nucleic acid are so synthesized and then
assembled or concatamerized into the final nucleic acid, and
the like. Where the nucleic acid of interest has a sequence that
occurs in nature, the nucleic acid may be retrieved, isolated,
amplified etc., from a natural source using conventional
molecular biology protocols.

Also provided are constructs comprising the subject
nucleic acid compositions inserted into a vector, where such
constructs may beused for anumber of different applications,
including propagation, polypeptide/protein production, and
the like, as described in greater detail below. Constructs made
up of viral and non-viral vector sequences may be prepared
and used, including plasmids, as desired. The choice of vector
depends on the particular application in which the nucleic
acid is to be employed. Certain vectors are useful for ampli-
fying and making large amounts of the desired DNA
sequence. Other vectors are suitable for expression in cells in
culture, e.g., for use in screening assays. Still other vectors are
suitable for transfer and expression in cells in a whole animal
or person. The choice of appropriate vector is well within the
ability of those of ordinary skill in the art. Many such vectors
are available commercially. To prepare the constructs, the
partial or full-length nucleic acid is inserted into a vector
typically by means of DNA ligase attachment to a cleaved
restriction enzyme site in the vector. Alternatively, the desired
nucleotide sequence can be inserted by homologous recom-
bination in vivo. Typically, homologous recombination is
accomplished by attaching regions of homology to the vector
on the flanks of the desired nucleotide sequence. Regions of
homology are added by ligation of oligonucleotides, or by
polymerase chain reaction using primers that include both the
region of homology and a portion of the desired nucleotide
sequence, for example.

Also provided are expression cassettes that include coding
sequence of the subject nuclease. By expression cassette is
meant a nucleic acid that includes a sequence encoding a
peptide or protein as described above operably linked to a
promoter sequence, where by operably linked is meant that
expression of the coding sequence is under the control of the
promoter sequence.

Preparation of the Subject Proteins

The subject proteins may be obtained using any convenient
protocol. As such, they may be obtained from naturally occur-
ring sources or recombinantly produced. Naturally occurring
sources of the subject proteins include tissues and portions/
fractions thereof, including cells and fractions thereof, e.g.,
extracts, homogenates etc., that include cells in which the
desired protein is expressed.

The subject proteins may also be obtained from synthetic
protocols, e.g. by expressing a recombinant gene encoding
the subject protein, such as the polynucleotide compositions
described above, in a suitable host under conditions sufficient
for post-translational modification to occur in a manner that
provides the expressed protein. For expression, an expression
cassette may be employed. The expression cassette or vector
will provide a transcriptional and translational initiation
region, which may be inducible or constitutive, where the
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coding region is operably linked under the transcriptional
control of the transcriptional initiation region, and under the
translational control of the translational initiation region, and
a transcriptional and translational termination region. These
control regions may be native to the protein, or may be
derived from exogenous sources.

Expression cassettes may be prepared comprising a tran-
scription initiation region, the nucleic acid coding sequence
or fragment thereof, and a transcriptional termination region.
Of particular interest is the use of sequences that allow for the
expression of functional epitopes or domains, usually at least
about 8 amino acids in length, more usually at least about 15
amino acids in length, to about 25 amino acids, and up to the
complete open reading frame of the coding sequence. After
introduction of the DNA, the cells containing the construct
may be selected by means of a selectable marker, the cells
expanded and then used for expression.

The subject proteins and polypeptides may be expressed in
prokaryotes or eukaryotes in accordance with conventional
ways, depending upon the purpose for expression. For large
scale production of the protein, a unicellular organism, such
as E. coli, B. subtilis, S. cerevisiae, insect cells in combination
with baculovirus vectors, or cells of a higher organism such as
vertebrates, particularly mammals, e.g. COS 7 cells, may be
used as the expression host cells. In some situations, it is
desirable to express the coding sequence in eukaryotic cells,
where the protein will benefit from native folding and post-
translational modifications. Small peptides can also be syn-
thesized in the laboratory. Polypeptides that are subsets of the
complete protein sequence may be used to identify and inves-
tigate parts of the protein important for function.

Specific expression systems of interest include bacterial,
yeast, insect cell and mammalian cell derived expression
systems. Representative systems from each of these catego-
ries is are provided below:

Bacteria. Expression systems in bacteria include those
described in Chang et al., Nature (1978) 275:615; Goeddel et
al., Nature (1979) 281:544; Goeddel et al., Nucleic Acids Res.
(1980) 8:4057; EP 0 036,776; U.S. Pat. No. 4,551,433,
DeBoer et al., Proc. Natl. Acad. Sci. (USA) (1983) 80:21-25;
and Siebenlist et al., Cell (1980) 20:269.

Yeast. Expression systems in yeast include those described
in Hinnen et al., Proc. Natl. Acad. Sci. (USA) (1978)75:1929;
Tto etal., J. Bacteriol. (1983) 153:163; Kurtz et al., Mol. Cell.
Biol. (1986) 6:142; Kunze et al., J. Basic Microbiol. (1985)
25:141; Gleeson et al., J. Gen. Microbiol. (1986) 132:3459;
Roggenkamp et al., Mol. Gen. Genet. (1986) 202:302; Das et
al., J. Bacteriol. (1984) 158:1165; De Louvencourt et al., J.
Bacteriol. (1983) 154:737; Van den Berg et al., Bio/Technol-
ogy (1990) 8:135; Kunze et al., J. Basic Microbiol. (1985)
25:141; Creggetal., Mol. Cell. Biol. (1985) 5:3376; U.S. Pat.
Nos. 4,837,148 and 4,929,555; Beach and Nurse, Nature
(1981) 300:706; Davidow et al., Curr. Genet. (1985) 10:380;
Gaillardin et al., Curr. Genet. (1985) 10:49; Ballance et al.,
Biochem. Biophys. Res. Commun. (1983) 112:284-289; Til-
burn et al., Gene (1983) 26:205-221; Yelton et al., Proc. Natl.
Acad. Sci. (USA) (1984) 81:1470-1474; Kelly and Hynes,
EMBO J. (1985) 4:475-479; EP 0 244,234; and WO
91/00357.

Insect Cells. Expression of heterologous genes in insects is
accomplished as described in U.S. Pat. No. 4,745,051; Frie-
sen et al., “The Regulation of Baculovirus Gene Expression”,
in: The Molecular Biology Of Baculoviruses (1986) (W.
Doerfler, ed.); EP 0 127,839; EP 0 155,476; and Vlak et al., J.
Gen. Virol. (1988) 69:765-776; Miller et al., Ann. Rev. Micro-
biol. (1988) 42:177; Carbonell et al., Gene (1988) 73:409;
Maeda et al., Nature (1985) 315:592-594; Lebacq-Verheyden
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etal., Mol. Cell. Biol. (1988) 8:3129; Smith et al., Proc. Natl.
Acad. Sci. (USA) (1985) 82:8844; Miyajima et al., Gene
(1987) 58:273; and Martin et al., DNA (1988) 7:99. Numer-
ous baculoviral strains and variants and corresponding per-
missive insect host cells from hosts are described in Luckow
et al., Bio/Technology (1988) 6:47-55, Miller et al., Generic
Engineering (1986) 8:277-279, and Maeda et al., Nature
(1985) 315:592-594.

Mammalian Cells. Mammalian expression is accom-
plished as described in Dijkema et al., EMBO J. (1985) 4:761,
Gorman et al., Proc. Natl. Acad. Sci. (USA) (1982) 79:6777,
Boshart et al., Cell (1985) 41:521 and U.S. Pat. No. 4,399,
216. Other features of mammalian expression are facilitated
as described in Ham and Wallace, Meth. Enz. (1979) 58:44,
Barnes and Sato, Anal. Biochem. (1980) 102:255, U.S. Pat.
Nos. 4,767,704, 4,657,866, 4,927,762, 4,560,655, WO
90/103430, WO 87/00195, and U.S. RE 30,985.

When any of the above host cells, or other appropriate host
cells or organisms, are used to replicate and/or express the
polynucleotides or nucleic acids of the invention, the result-
ing replicated nucleic acid, RNA, expressed protein or
polypeptide, is within the scope of the invention as a product
of the host cell or organism.

Once the source of the protein is identified and/or prepared,
e.g. a transfected host expressing the protein is prepared, the
protein is then purified to produce the desired protein com-
prising composition. Any convenient protein purification pro-
cedures may be employed, where suitable protein purification
methodologies are described in Guide to Protein Purification,
(Deuthser ed.) (Academic Press, 1990). For example, a lysate
may be prepared from the original source, e.g. naturally
occurring cells or tissues that express the protein or the
expression host expressing the protein, and purified using
HPLC, exclusion chromatography, gel electrophoresis, affin-
ity chromatography, and the like.

Also of interest is the use of modified versions of the wild
type sequences which are modified to provide for optimized
expression in a particularly type of expression host. For
example, humanized versions of the subject nucleic acids can
be used for expression in human cell lines, where changes are
made to the wild type nucleic acid sequence to optimize the
codons for expression of the protein in human cells (Yang et
al., Nucleic Acids Research 24 (1996), 4592-4593). See also
U.S. Pat. No. 5,795,737 which describes humanization of
proteins, the disclosure of which is herein incorporated by
reference.

In certain embodiments, the subject proteins are produced
as fusion proteins. In these embodiments, nucleic acids that
encode fusion proteins of the subject proteins, or fragments
thereof, which are fused to a second protein, a tagging
sequence, etc. Fusion proteins may comprise a subject
polypeptide, or fragment thereof, and a DNase polypeptide
(“the fusion partner”) fused in-frame at the N-terminus and/or
C-terminus of the subject polypeptide. Fusion partners
include, but are not limited to, polypeptides that can bind
antibody specific to the fusion partner (e.g., epitope tags);
antibodies or binding fragments thereof; polypeptides that
provide a catalytic function or induce a cellular response;
ligands or receptors or mimetics thereof; and the like. In such
fusion proteins, the fusion partner is generally not naturally
associated with the subject nuclease portion of the fusion
protein, and is typically not an nuclease protein or derivative/
fragment thereof. Of particular interest in many protein pro-
duction application is the use of fusion partners encoding
metal ion peptide affinity tags, e.g., the 6xHis tag and other
metal ion affinity tags, where the tags provide for ready puri-
fication on appropriate metal ion affinity resins. Metal ion
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affinity tagged peptide technology is well known to those of
skill in the art, and is described in U.S. Pat. Nos. 5,284,933
5,310,663; 4,569,794; 5,594,115 and 6,242,581; the disclo-
sures of which are herein incorporated in their entirety.

The subject polypeptides, peptides, variants and or frag-
ments thereof may also be prepared through chemical syn-
thesis. The polypeptides may be monomers or multimers;
glycosylated or non-glycosylated; pegylated or non-pegy-
lated; amidated or non-amidated; sulfated or non-sulfated;
and may or may not include an initial methionine amino acid
residue. For example, the polypeptides can also be synthe-
sized by exclusive solid phase synthesis, partial solid phase
methods, fragment condensation or classical solution synthe-
sis. The polypeptides are in many embodiments prepared by
solid phase peptide synthesis, for example as described by
Merrifield, J. Am. Chem. Soc. 85:2149, 1963. The synthesis
is carried out with amino acids that are protected at the alpha-
amino terminus. Trifunctional amino acids with labile side-
chains are also protected with suitable groups to prevent
undesired chemical reactions from occurring during the
assembly of the polypeptides. The alpha-amino protecting
group is selectively removed to allow subsequent reaction to
take place at the amino-terminus. The conditions for the
removal of the alpha-amino protecting group do not remove
the side-chain protecting groups.

The alpha-amino protecting groups are those known to be
useful in the art of stepwise polypeptide synthesis. Included
are acyl type protecting groups (e.g., formyl, trifluoroacetyl,
acetyl), aryl type protecting groups (e.g., biotinyl), aromatic
urethane type protecting groups [e.g., benzyloxycarbonyl
(Cbz), substituted benzyloxycarbonyl and 9-fluorenylmethy-
loxy-carbonyl (Fmoc)], aliphatic urethane protecting groups
[e.g., t-butyloxycarbonyl (tBoc), isopropyloxycarbonyl,
cyclohexioxycarbonyl] and alkyl type protecting groups
(e.g., benzyl, triphenylmethyl). The preferred protecting
groups are tBoc and Fmoc.

The side-chain protecting groups selected must remain
intact during coupling and not be removed during the depro-
tection of the amino-terminus protecting group or during
coupling conditions. The side-chain protecting groups must
also be removable upon the completion of synthesis using
reaction conditions that will not alter the finished polypep-
tide. In tBoc chemistry, the side-chain protecting groups for
trifunctional amino acids are mostly benzyl based. In Fmoc
chemistry, they are mostly tert-butyl or trityl based.

In tBoc chemistry, the preferred side-chain protecting
groups are tosyl for arginine, cyclohexyl for aspartic acid,
4-methylbenzyl (and acetamidomethyl) for cysteine, benzyl
for glutamic acid, serine and threonine, benzyloxymethyl
(and dinitrophenyl) for histidine, 2-CI-benzyloxycarbonyl
for lysine, formyl for tryptophan and 2-bromobenzyl for
tyrosine. In Fmoc chemistry, the preferred side-chain protect-
ing groups are 2,257 8-pentamethylchroman-6-sulfonyl
(Pmc) or 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfo-
nyl (Pbf) for arginine, trityl for asparagine, cysteine,
glutamine and histidine, tert-butyl for aspartic acid, glutamic
acid, serine, threonine and tyrosine, tBoc for lysine and tryp-
tophan.

For the synthesis of phosphopeptides, either direct or post-
assembly incorporation of the phosphate group is used. In the
direct incorporation strategy, the phosphate group on serine,
threonine or tyrosine may be protected by methyl, benzyl, or
tert-butyl in Fmoc chemistry or by methyl, benzyl or phenyl
in tBoc chemistry. Direct incorporation of phosphotyrosine
without phosphate protection can also be used in Fmoc chem-
istry. In the post-assembly incorporation strategy, the unpro-
tected hydroxyl groups of serine, threonine or tyrosine are
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derivatized on solid phase with di-tert-butyl-, dibenzyl- or
dimethyl-N,N'-diisopropylphosphoramidite and then oxi-
dized by tert-butylhydroperoxide.

Solid phase synthesis is usually carried out from the car-
boxyl-terminus by coupling the alpha-amino protected (side-
chain protected) amino acid to a suitable solid support. An
ester linkage is formed when the attachment is made to a
chloromethyl, chlortrityl or hydroxymethyl resin, and the
resulting polypeptide will have a free carboxyl group at the
C-terminus. Alternatively, when an amide resin such as ben-
zhydrylamine or p-methylbenzhydrylamine resin (for tBoc
chemistry) and Rink amide or PAL resin (for Fmoc chemis-
try) are used, an amide bond is formed and the resulting
polypeptide will have a carboxamide group at the C-terminus.
These resins, whether polystyrene- or polyamide-based or
polyethyleneglycol-grafted, with or without a handle or
linker, with or without the first amino acid attached, are com-
mercially available, and their preparations have been
described by Stewart et al., “Solid Phase Peptide Synthesis”
(2nd Edition), (Pierce Chemical Co., Rockford, Ill., 1984)
and Bayer & Rapp Chem. Pept. Prot. 3:3 (1986); and Atherton
et al., Solid Phase Peptide Synthesis: A Practical Approach,
IRL Press, Oxford, 1989.

The C-terminal amino acid, protected at the side chain if
necessary, and at the alpha-amino group, is attached to a
hydroxylmethyl resin using various activating agents includ-
ing dicyclohexylcarbodiimide (DCC), N,N'-diisopropylcar-
bodiimide (DIPCDI) and carbonyldiimidazole (CDI). It can
be attached to chloromethyl or chlorotrityl resin directly in its
cesium tetramethylammonium salt form or in the presence of
triethylamine (TEA) or diisopropylethylamine (DIEA). First
amino acid attachment to an amide resin is the same as amide
bond formation during coupling reactions.

Following the attachment to the resin support, the alpha-
amino protecting group is removed using various reagents
depending on the protecting chemistry (e.g., tBoc, Fmoc).
The extent of Fmoc removal can be monitored at 300-320 nm
or by a conductivity cell. After removal of the alpha-amino
protecting group, the remaining protected amino acids are
coupled stepwise in the required order to obtain the desired
sequence.

Various activating agents can be used for the coupling
reactions including DCC, DIPCDI, 2-chloro-1,3-dimethyli-
midium hexafluorophosphate (CIP), benzotriazol-1-yl-oxy-
tris-(dimethylamino)-phosphonium  hexafluoro-phosphate
(BOP) and its pyrrolidine analog (PyBOP), bromo-tris-pyr-
rolidino-phosphonium  hexafluorophosphate  (PyBroP),
O-(benzotriazol-1-y1)-1,1,3,3-tetramethyl-uronium
hexafluorophosphate (HBTU) and its tetrafluoroborateana-
log (TBTU) or its pyrrolidine analog (HBPyU), O-(7-azaben-
zotriazol-1-y1)-1,1,3,3-tetramethyl-uronium hexafluoro-
phosphate (HATU) and its tetrafluoroborate analog (TATU)
or its pyrrolidine analog (HAPyU). The most common cata-
Iytic additives used in coupling reactions include 4-dimethy-
laminopyridine (DMAP), 3-hydroxy-3,4-dihydro-4-oxo-1,2,
3-benzotriazine (HODhbt), N-hydroxybenzotriazole (HOBt)
and 1-hydroxy-7-azabenzotriazole (HOAt). Each protected
amino acid is used in excess (>2.0 equivalents), and the cou-
plings are usually carried out in N-methylpyrrolidone (NMP)
or in DMF, CH,Cl, or mixtures thereof. The extent of
completion of the coupling reaction can be monitored at each
stage, e.g., by the ninhydrin reaction as described by Kaiser et
al., Anal. Biochem. 34:595, 1970. After the entire assembly of
the desired peptide, the peptide-resin is cleaved with a reagent
with proper scavengers. The Fmoc peptides are usually
cleaved and deprotected by TFA with scavengers (e.g., H,O,
ethanedithiol, phenol and thioanisole). The tBoc peptides are



US 7,435,794 B2

31

usually cleaved and deprotected with liquid HF for 1-2 hours
at =5 to 0° C., which cleaves the polypeptide from the resin
and removes most of the side-chain protecting groups. Scav-
engers such as anisole, dimethylsulfide and p-thiocresol are
usually used with the liquid HF to prevent cations formed
during the cleavage from alkylating and acylating the amino
acid residues present in the polypeptide. The formyl group of
tryptophan and the dinitrophenyl group of histidine need to be
removed, respectively by piperidine and thiophenyl in DMF
prior to the HF cleavage. The acetamidomethyl group of
cysteine can be removed by mercury(Il)acetate and alterna-
tively by iodine, thallium(IID)trifluoroacetate or silver tet-
rafluoroborate which simultaneously oxidize cysteine to cys-
tine. Other strong acids used for tBoc peptide cleavage and
deprotection  include  trifluoromethanesulfonic  acid
(TFMSA) and trimethylsilyltrifluoroacetate (TMSOTT).

Antibodies

Also provided are antibodies that bind to the subject pro-
teins and/or homologs thereof. Suitable antibodies are
obtained by immunizing a host animal with peptides com-
prising all or a portion of the subject protein. Suitable host
animals include rat, sheep, goat, hamster, rabbit, etc. The host
animal will generally be a different species than the immu-
nogen, e.g. human used to immunize rabbit, etc.

The immunogen may comprise the complete protein, or
fragments and derivatives thereof. Preferred immunogens
comprise all or a part of the subject protein, where these
residues contain the post-translation modifications, such as
glycosylation, found on the native target protein (immuno-
gens may also comprise all or a part of the subject protein,
where these residues does not contain the post-translation
modifications).

Immunogens comprising the extracellular domain are pro-
duced in a variety of ways known in the art, e.g. expression of
cloned genes using conventional recombinant methods, iso-
lation from naturally occurring sources, etc.

For preparation of polyclonal antibodies, the first step is
immunization of the host animal with the target protein,
where the target protein will preferably be in substantially
pure form, comprising less than about 1% contaminant. The
immunogen may include the complete target protein, frag-
ments or derivatives thereof. To increase the immune
response of the host animal, the target protein may be com-
bined with an adjuvant, where suitable adjuvants include
alum, dextran, sulfate, large polymeric anions, oil & water
emulsions, e.g. Freund’s adjuvant, Freund’s complete adju-
vant, and the like. The target protein may also be conjugated
to synthetic carrier proteins or synthetic antigens. A variety of
hosts may be immunized to produce the polyclonal antibod-
ies. Such hosts include rabbits, guinea pigs, rodents, e.g.
mice, rats, sheep, goats, and the like. The target protein is
administered to the host, usually intradermally, with an initial
dosage followed by one or more, usually at least two, addi-
tional booster dosages. Following immunization, the blood
from the host will be collected, followed by separation of the
serum from the blood cells. The Ig present in the resultant
antiserum may be further fractionated using known methods,
such as ammonium salt fractionation, DEAE chromatogra-
phy, and the like.

Monoclonal antibodies of the subject invention may be
produced by conventional techniques. Generally, the spleen
and/or lymph nodes of an immunized host animal provide a
source of plasma cells. The plasma cells are immortalized by
fusion with myeloma cells to produce hybridoma cells. Cul-
ture supernatant from individual hybridomas is screened
using standard techniques to identify those producing anti-
bodies with the desired specificity. Suitable animals for pro-
duction of monoclonal antibodies to the human protein
include mouse, rat, hamster, etc. To raise antibodies against
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the mouse protein, the animal will generally be a hamster,
guinea pig, rabbit, etc. The antibody may be purified from the
hybridoma cell supernatants or ascites fluid by conventional
techniques, e.g. affinity chromatography using MPTS bound
to an insoluble support, protein A sepharose, etc.

The antibody may be produced as a single chain, instead of
the normal multimeric structure. Single chain antibodies are
described in Jost et al. (1994) J.B.C. 269:26267-73, and oth-
ers. DNA sequences encoding the variable region of the heavy
chain and the variable region of the light chain are ligated to
aspacer encoding at least about 4 amino acids of small neutral
amino acids, including glycine and/or serine. The protein
encoded by this fusion allows assembly of a functional vari-
able region that retains the specificity and affinity of the
original antibody.

The antibodies or fragments thereof may also be produced
using phage display technology. Phage display technology is
well known to those of skill in the art, where representative
patents describing various representative embodiments of
this technology include U.S. Pat. Nos. 5,427,908; 5,580,717,
5,658,727, 5,723,287, 5,750,373; 5,780,279; 5,821,047,
5,846,765, 5,885,793; 5,955,341, 6,040,136; 6,057,098; and
6,172,197, the disclosures of which are herein incorporated
by reference.

Kits

Also provided are kits for use in practicing the subject
methods. The methods of the invention can be facilitated by
the use of kits that contain the reagents required for carrying
out the assays. The kits can contain reagents for carrying out
the analysis of a one single nucleotide polymorphism (SNP)
site (for use in, e.g., diagnostic methods) or multiple SNP
sites (for use in, e.g., genomic mapping). When multiple
samples are analyzed, multiple sets of the appropriate primers
and oligonucleotides are provided in the kit. In addition to the
primers and oligonucleotides required for carrying out the
various methods, the kits contain the nuclease enzyme, such
as the novel nucleases described above, and DSN buffer (e.g.,
buffer where these nucleases work correctly). Also the kits
may contain the reagents for detecting the labels and for
nucleic acids amplification. The kits can also contain solid
substrates for use in carrying out the method of the invention.
For example, the kits can contain solid substrates, such as
glass plates or silicon or glass microchips, containing arrays
of nucleic acid probes.

In addition to the above components, the subject kits will
further include instructions for practicing the subject meth-
ods. These instructions may be present in the subjectkits in a
variety of forms, one or more of which may be present in the
kit. One form in which these instructions may be present is as
printed information on a suitable medium or substrate, e.g., a
piece or pieces of paper on which the information is printed,
in the packaging of the kit, in a package insert, etc. Yet another
means would be a computer readable medium, e.g., diskette,
CD, etc., on which the information has been recorded. Yet
another means that may be present is a website address which
may be used via the internet to access the information at a
removed site. Any convenient means may be present in the
kits.

The following examples are offered by way of illustration
and not by way of limitation.

EXPERIMENTAL

1. Isolation and Characterization of Kamchatka Crab nuclease

A. Purification of Crab Nuclease Protein

A specific nuclease activity was found in crab hepatopan-
creas. The activity was purified by standard methods of pro-
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tein chemistry. Because the specific activity of this enzyme is
thermostable, both purified and partially purified samples
(after warming) of crab nuclease display the specific activity.

The purification scheme may be different and may include
different stages. A representative scheme is provided below:

Crab DSN nuclease was purified at 4° C. Fractions were
subjected to testing for DNase activity and Western blotting
(Harlow and Lane, 1988) with rabbit polyclonal antibodies
against recombinant protein.

Fresh crab hepatopancreas was homogenized in two vol-
umes of 100 mM Tris-HCI (pH 8.0) with 100 mM EDTA and
centrifuged at 10 000 g for 30 min. The supernatant was
diluted with 1.5 volumes of acetone, incubated for 12 h and
centrifuged at 10 000 g for 1 h. The sediment was dried and 5
g of the resultant acetone powder was diluted in 250 ml buffer
A (0.05 M Tris-HCI, pH 7.1) and mixed for 2 h. The insoluble
fraction was separated out by centrifugation at 10 000xg for
30 min, and the supernatant was applied to a DEAE-Macro-
Prep column (Bio-Rad) equilibrated with buffer A. After
loading, the column was washed with the same buffer. Protein
was eluted with a 0-0.5 M NaCl gradient in buffer A. After
adding NaCl to a final concentration of' 5 M, DSN-containing
fractions were loaded onto a Phenyl-Agarose column (Am-
ersham-Pharmacia-Biotech) equilibrated with buffer A con-
taining 5 M NaCl. After washing the column with the same
high-salt buffer, DSN was eluted with a 5-3 M NaCl gradient
in buffer A. DSN-containing fractions were pooled, diluted
two-fold with 0.035 M Tris-HCI (pH 8.1) and applied to a
Hydroxyapatite column (Bio-Rad) equilibrated with 0.045 M
Tris-HCI (pH 7.5). The fractions were directly eluted with
0.025 M sodium phosphate buffer, pH 7.5, combined and
dialyzed overnight against 0.01 M Tris-HC1 (pH 7.1) contain-
ing 0.001 M MgCl,. Dialyzed fractions were loaded onto a
Heparin-Sepharose column (Amersham-Pharmacia-Bio-
tech), equilibrated with the 0.01 M Tris-HCl (pH 7.1) buffer
containing 0.001 M MgCl,, and eluted with a 0-0.3 M NaCl
gradient after washing. DSN-containing fractions were con-
centrated to 1 ml on a Biomax-5K membrane (Millipore),
transferred to buffer A and subjected to gel filtration on a
Sephadex G-75 (Sigma) column. Purified DSN was concen-
trated on Biomax-5K membrane, diluted with one volume of
glycerol, heated at 70° C. for 10 min under mineral oil and
incubated at +4° C. overnight. About 0.15 mg DSN protein
(2700 Kunitz units) was purified from 5 g acetone powder.
DSN was stored at =20° C. for long-term use.

B. Isolation of the Crab Nuclease Coding Sequence.

To isolate coding sequence of crab nuclease and its homo-
logues from other species, a set of oligonucleotide primers
were designed to the conserved amino acids of the various
nucleases: Serratia marcescens nuclease (1583130), Glos-
sina morsitans nuclease (AAF82097), Homo sapiens
nuclease (XP_002889), Syncephalastrum racemosum
nuclease (P81204), Cumnninghamella echinulata nuclease
(P81203), Drosophila melanogaster nuclease (AAF49206)
and Penaeus japonicus nuclease (CAB55635).
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All primers were purified through polyacrylamide gel
before use.

For crab nuclease cDNA isolation, the modified method for
amplifying cDNA ends based on SMART-RACE technology
(Clontech Laboratories Inc., Palo Alto, Calif.) was used.
SMART-RACE technology also noted as step-out RACE has
been described in (Matz, M., Shagin, D., Bogdanova, E.,
Britanova, O., Lukyanov, S., Diatchenko, L., Chenchik, A.
(1999) Nucleic Acids Res. 27, 1558-1560). Total RNA from
King crab hepatopancreas was isolated as described in
(Chomczynski, P., Sacchi, N. (1987) Aral. Biochem. 162,
156-159). The cDNA was amplified by a SMART PCR cDNA
Synthesis Kit (CLONTECH) using the provided protocol and
then used for 3'-step-out RACE (Matz et al., 1999). PCR
reaction was performed in a 25 mkl reaction mixture contain-
ing 1 mkl of 20-fold amplified cDNA, 1x Advantage 2 Poly-
merize mix (CLONTECH), the manufacturer’s 1x reaction
buffer, 200 mkM dNTPs, 0.3 mkM of AFN1 degenerative
primer, and step-out primer system (0.02 mkM of “heel-
carrier” oligo and 0.15 mkM of “heel-specific” oligo). 30
PCR cycles were performed in PTC-200 MJ Recearch Termal
Cycler in calculated control mode (each cycle included 95°
C.-105;60° C.-10s; 72° C.-2 min). Y1000 of resulted amplified
c¢DNA was used for nested PCR with GNW1 primer. PCR
reaction was performed in a 25 mkl reaction mixture contain-
ing 1x Advantage 2 Polymerize mix (CLONTECH), the
manufacturer’s 1x reaction buffer, 200 mkM dNTPs, 0.3
mkM of GNWI1 primer, and step-out primer system (0.02
mkM of “heel-carrier” oligo and 0.15 mkM of “heel-specific”
oligo). 21 PCR cycles were performed in PTC-200 MIJ
Recearch Termal Cycler in calculated control mode (each
cycle included 95° C.-10 s; 64° C.-10 s; 72° C.-2 min).

PCR products were cloned in pTAdv-cloning vector
(CLONTECH) and sequenced using M13 direct and reverse
universal primer by using a Beckman SEQ-2000 automated
sequencer and the FS dye terminator chemistry.

c¢DNA containing the full coding sequence of crab DSN
was then isolated using SMART-RACE technology (Clon-
tech Laboratories Inc., Palo Alto, Calif.). For additional
RACE procedures the crab nuclease specific primers were
used as following: 5'-GGC CAG GTC TCG GGT CGC-3';
5'-GGG TCG CGT ATT CTA GGT A-3' (SEQ ID NO:08);
5'-CC ATT ATT GAA GGC CTG CCA-3' (SEQ ID NO:09).

The nt sequence of the isolated cDNA is provided in SEQ
ID NO:01 and the amino acid sequence of the protein encoded
thereby is provided in SEQ ID NO:02, which sequences are
provided above.

C. Generation of Antibodies

Polyclonal antibodies were prepared to His-tagged mature
DSN protein produced in Escherichia coli. Recombinant
products were purified by immobilized metal affinity chro-
matography using Talon Resin (Clontech Laboratories, Inc.)
under denaturing conditions. Rabbits were immunized and
boosted four times at monthly intervals with recombinant
DSN polypeptide emulsified in complete Freund’s adjuvant.

NN Primer name Primer Sequence

1. POW1 5'-TAC ATT AAT GCC GTC CCT CAG TGG-3'
2. GNW1 5'-CAG GCC TTT AAT AAT GGT AAT TGG-3'
3. GNW2 5'-AG GCC TTT AAT AA(T/C) GGT AAC TGG-3'
4. AFN1 5'-CCT CAG TGG CA(G/A) GCT TT(C/T) AAT-3'
5. AFN2 5'-CCT CAG TGG CA(G/A) GCT TT(C/T) AAC-3'

SEQ
SEQ
SEQ
SEQ
SEQ

iD
iD
iD
iD
iD

NO:
NO:
NO:
NO:
NO:

03
04
05
06
07
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Ten or 11 days after each boost the animals were bled. Poly-
clonal antiserum was tested on recombinant protein by
ELISA and by Western immunobloting. Polyclonal antise-
rum was then used for Western immunobloting with total
protein extract from crab hepatopancreas and partially puri-
fied DSN samples. The samples enriched in specific activity
had greater staining than unpurified samples.

D. Testing of DSN Activity.
The above cloned crab Double stranded nuclease (DSN) is
a Mg”**—dependent nuclease with following properties:

DNAse activity of the subject nuclease is at least 18 000
Kunitz-units per 1 mg of the protein as determined by
modified DNase activity assay (Kunitz M, 1950, J. Gen.
Physiol. 33, pages 349-362; Liao, T.-H. 1974 J. Biol.
Chem. 249: pages 2354-2356). Activity was determined
in reaction mixture containing 5 mM Tris-HCI, pH 7.5,
10 mM MgCl,, 10 mM CaCl,, 400 mkg calf thymus
DNA and crab nuclease in different concentration.
Nuclease concentration was determined using Bradford
method (Bradford M., Anal. Biochem., 1976, v. 72, p.
248-254).

In the absence of Mg>* ions crab DSN is inactive.

In the presence of Mg>*-ions and in the absence of Ca®*-
ions, only of about 50% of nuclease activity keeps as was
measured by modified Kunitz assay.

crab DSN exhibited strong cleavage preference for ds DNA
substrates (DNA-DNA and DNA in DNA-RNA hybrids)
and little activity against ss DNA. No significant cleav-
age activity on RNA substrates was observed (RNase
activity was measured essentially as described by Ho H
C., Shiau P. F., Liu F. C., Chung J. G., Chen L. Y. Eur J
Biochem. 1998, 256: 112-118).

Following examples demonstrate structure-specificity of

crab DSN described above:

1. DSN activity on A ds DNA and phage M 13 ss-DNA was
compared by agarose gel electrophoresis. The reaction
was performed in a total volume of 10 ul comprising
1xDSN buffer (7 mM MgCl,, 50 mM Tris-HCI, pH 8.0),
0.06 Kunitz/units DSN, 150 ng A DNA and 50 ng M13
DNA. To prevent ds structure formation in phage M13
DNA, the reaction mixture was incubated at 70° C. for 1,
5 or 5 min. The digestion products were visualized on a
0.9% agarose gel, following ethidium bromide staining
(FIG. 2).

2. For analysis of crab DSN activity on synthetic oligo-
nucleotide substrates, oligonucleotides labeled with a
fluorescent donor at the 5' end and a fluorescent
quencher at the 3' end were used as ss DNA. To generate
ds substrates, labeled oligonucleotides were mixed with
equimolar amounts of complementary non-labeled oli-
gonucleotides.

2.1. Action of crab nuclease on synthetic ss and ds
20-mer DNA substrates was performed in a total vol-
ume of 20 ul comprising 1xDSN buffer 50 mM Tris-
HCl, pH 8.0 and 7mM MgCl,), 0.6 Kunitzunits DSN,
and 0.3 uM oligonucleotide substrate. Incubation was
carried out at 35° C. for different periods. DNase
activity was evaluated by estimating the change in
fluorescence intensity of the reaction mixture during
incubation with DSN. Fluorescence intensity was
measured on a spectrofluorimeter Cary Eclypse
(Varian) in 2 ml dishes (FIG. 3).

2.2. Action of crab nuclease on synthetic ds DNA sub-
strates of different length was performed in a total
volume of 20 pl comprising 1xDSN buffer, 1.5 Kunitz
units DSN, and 0.3 uM oligonucleotide substrate.
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Incubation was carried out at 35° C. for different
periods. DNase activity was evaluated by estimating
the change in fluorescence intensity of the reaction
mixture during incubation with DSN. Fluorescence
intensity was measured on a spectrofluorimeter Cary
Eclypse (Varian) in 2 ml dishes (FIG. 4). Cleavage
curves were plotted to obtain half-time for substrate
cleavage (T1/2).

DSN is significantly more effective in cutting perfect

DNA-DNA and DNA-RNA duplexes than it is in cutting
non-perfect duplexes of the same length. The following
example demonstrates the structure-specificity of crab
DSN described above: To determine the generality of
mismatch discrimination, we constructed a set of closely
related 18 nt synthetic targets with single nucleotide
variations along the 10 nt sequence and FRET-labeled
10 nt probe oligonucleotide capable of hybridizing with
these targets to form perfect and one mismatch-contain-
ing duplexes. Two types of signal probes were used,
specifically, probes labeled with 5-carboxyfluorescein
(FD) (at the 5' end) and TAMRA (at the 3' end) and those
labeled with F1 and DABCYL. Duplexes formed by
probe oligonucleotides and complementary targets were
incubated with DSN at 35° C. for 15 min. Reactions
were performed in a total volume of 20 pul comprising
1xDSN butfer, 0.6 Kunitz units DSN, and 0.3 uM oli-
gonucleotide substrate. Emission spectra were obtained
on the spectrofluorimeter, with excitation at 480 nm (see
FIG. 5 for example). All possible combinations between
targets and probe oligonucleotides were examined for
cleavage by DSN. The observed fluorescence change for
all mismatched duplexes was at least 10 times lower than
that for perfectly matched duplexes in the experiments
with FI-TAMRA-labeled probe. No preference of DSN
for specific mismatch positions was noted. In the case of
the FI-DABCYL labeled probe, clear discrimination
between perfect and non-perfect duplexes was observed
if the variable nucleotide position was either at the 5' end
or the center of a signal probe. Duplexes comprising
mismatches near the 3' end of the signal probe (T1-4)
were cleaved by DSN with only 1.5-5 times less effi-
ciency than perfect duplexes.

Examples that demonstrate the specific activity of crab
DSN on perfectly and non-perfectly matched DNA contain-
ing duplexes are also shown in “Examples of DSNP ASSAY
Methods” section (below).

The pH and temperature optima for crab DSN activity are

7-8 and 55-65° C., respectively. The nuclease is stable at
a pH of greater than 6, and temperatures below 75° C.
The dependence of DSN activity on pH was analyzed
using the Kunitz assay with 50 mM sodium formiate (pH
3.0-3.5), 50 mM sodium acetate (pH 3.5-6.0), 50 mM
Mes-NaOH (pH 6.0-7.0), 50 mM Tris-HCI (pH 7.0-9.5)
and 50 mM glycine-NaOH (pH 9.0-10.0) in the presence
of 7 mM MgCl,. The dependence of DSN activity on
temperature was analyzed at different reaction tempera-
tures, ranging between 20 and 90° C. The activity of crab
DSN in different temperatures is demonstrated graphi-
cally in FIG. 6. The activity of crab DSN in different
Mg** concentration is demonstrated graphically in FIG.
7.

Crab DSN is inactive in the absence of divalent cations.

EDTA inhibits the Crab DSN. Crab DSN is also fully
inactivated by heating at temperature 97° C. (or higher)
for 7-10 min.
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E. Cloning of Putative Nucleases of DSN Family from Other
Arthropoda Species

Using a modified method for amplifying cDNA ends based
on SMART-RACE technology and primers described above,
several cDNAs that encode proteins homologues to crab DSN
have been cloned. Amplification reactions contained 1x
Advantage 2 Polymerize mix (CLONTECH), the manufac-
turer’s 1x reaction buffer, 200 mkM dNTPs, 0.3 mkM of
primer, and step-out primer system (0.02 mkM of “heel-
carrier” oligo and 0.15 mkM of “heel-specific” oligo) in a
volume of 25 pl. PCR was carried out in 200 MJ Recearch
Termal Cycler in calculated control mode.

For isolation of the gammarus (Gammarus sp.) putative
nuclease 34 cycles PCR were performed with AFN2 primer
by the following program: 95° C.-10 s; 62° C.-10s; 72° C.-2
min.

For isolation of the glass shrimp (Palaemonidae sp) and
Mangrove Fiddler Crab (Uca crassipes) putative nucleases
two consistent PCRs were carried out. The AFN2 primer was
used for the first PCR thatincluded 32 cycles by the following
program: 95° C.-10 s; 60° C.-10 s; 72° C.-2 min and the
GNW1 primer was used for the second (nested) PCR that
included 25 cycles (each cycle included 95° C.-10 s; 64°
C.-10s; 72° C.-2 min).
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c¢DNAs containing the full coding sequences of these
nucleases were then isolated using SMART-RACE technol-
ogy (Clontech Laboratories Inc., Palo Alto, Calif.) with fol-
lowing gene-specific primers:

Fiddler Crab nuclease-specific primers: 5'-GG ATT GCC
ATT AAT GTC GTC-3' (SEQ ID NO:10); 5'-CC ACT GTA
CAC CCG AAG GTC-3' (SEQ ID NO:11); 5'-AAC CAA
GGC TCG CCA AGT CC-3' (SEQ ID NO:12); gammarus
nuclease-specific primers: 5'-C AAT GGT CCG AAT TCT
GTTCTC-3' (SEQIDNO:13); 5'-GTG ACT ACG CGCAGA
GTG GC-3' (SEQ ID NO:14); and glass shrimp nuclease-
specific primers: 5'-CCA GCA CTC CCC AAC CTC C-3'
(SEQIDNO:15); 5'-GTC AGG TCA GTG CCG TGG GC-3'
(SEQ ID NO:16).

The nt sequences of the isolated cDNA are provided in
SEQ ID NO:17; SEQ ID NO:19; and SEQ ID NO:21 and the
amino acid sequences of the protein encoded thereby are
provided in SEQ ID NO:18; SEQ ID NO:20; and SEQ ID
NO:22, which sequences are provided below:

Gammarus Putative Nuclease:

Source: Eukaryota; Metazoa; Arthropoda; Crustacea;
Malacostraca; Eumalacostraca; Peracarida; Amphipoda;
Gammaridea; Gammaroidea; Gammaridae; Gammarus;
Gammarus sp.

Nucleic Acid Composition

TGTAGCGTGAAGACGACAGAAGTAATACGACTCACTATAGGGCAAGCAGTG

GTACCAACGCAGAGTACTCGTCTTCCTTTTTTTTTTTGGTGTTGCTGCCCCAC

TGTGCAAACTTGAGGCGCTGCTCTTGGCAACTGAGAAATTCTACGAATCAGA

CGATACACGCTTCATAGTTCAGACCACTTTTTGTTGTACAACTATTTTTTTTTA

TTATTATTTTAGTTGTATTTTATTAT TTGAAGAGAAGAAAGTTTGTGCTACAAT

TTCAACACTGCTTCACAATATTGTCTTATACAGGCAATTGGGAAATACATCAC

TAGAGCGAGACTCCGAATATCTGTCACTTCAAAAGCCGGTCGAGAACTTCGA

ATGCGAGAGCTCCATCCAGTACAATGTTTTGCCCTTGGGAGGAGGAAACGA

AGAGGACGAGGAGGATAGTATTGGAGGGGTGAGCGCTTTTGGCTATGACCT

CAAGGAAACTTTCTACACCATCTACAAGTTTGAGTTTGATAAGACGAAGATG

ATGAGCAGCCGAGTGGACCACATCCTCCACGGCAGGGAGTTATTGAAGGCC

GAGCCTCACAGGGATTACAAGTTCAGAAGTGATGCAGTCCTCCCTTGGGGA

AGCCTCACCAAGATCAAGAAATGCTACTCGAATCAGAATCAAGATGCGGTGC

TGCAGCACTTCCAAGATCAGGGAAGTAATGAGAAAAGAAAATACTTTGCGCG

AGGTCACCTGGCAGCAAATGCAGACTTCGTGTCACAAGACGAGCAGAAAGC

TTCCTACAGCTTCGCCAACGTAGCGCCTCAGTGGCAGGCTTTCAACAATGG

CAACTGGAAGAAACTTGAGAACAGAATTCGGACCATTGCCATGAAAAAGGAA

GCCACTCTGCGCGTAGTCACTGGCACCTCCACGGGTCTTCTGAAGCTCAAT

AGTAGTTCTGGACAACTGGAGAACGTGTGCCTGTGTGACGGTGAGCCGCCG

TGTGTTCCTCTCTTCTTTTGGAAGGTGACGCCCGCGTTAAGACAAGCGTTCC

TGATGCCTAATCATCCTGCCGCGGGAATATCAGCCAGAATTGAAGAACTGG

CACATCCTTGTCCGAATTGGGCAGGTTTCTCTGGAGCCGAAGAGAAGACTC

GAGGAGCCCTGTATTGCCTCACCCCAGGCGACCTCTGTGGAGTTGAGCCGA

AGGCTTGTGGATACAAAGATTTAATGTGAACTCTATATTTGCATTTGAATAAC
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-continued
CTTCGTACGTCATTTGGTCARATTTTGCTCTGTGTT TGTATATACAARATGTC
CAGGAATGGCCAARAGTGCAGAGGTTGGTARATTCTTAGAGTTCAACCTCGA
AGTTGATACTAATAGTT TTGAAAAT TGARAATATATGTT TAACGCAGTTAAAARA

AAAAAAAARAAAAAAAARAADDD

Amino Acid Composition

GKOWYQRRVLVFLFFFGVAAPLCKLEALLLATEKFYESDDTRFIVQTTFCCTTIF (SEQ ID NO: 18)
FYYYFSCILLFEEKKVCATISTLLHNIVLYRQLGNTSLERDSEYLSLQKPVENFEC
ESSIQYNVLPLGGGNEEDEEDSIGGVSAFGYDLKETFYTIYKFEFDKTKMMSSR
VDHILHGRELLKAEPHRDYKFRSDAVLPWGSLTKIKKCYSNONQDAVLQHFQD
QGSNEKRKYFARGHLAANADFVSQDEQKASYSFANVAPQWQAFNNGNWKKL
ENRIRTIAMKKEATLRVVTGTSTGLLKLNSSSGQLENVCLCDGEPPCVPLFFWK

VTPALRQAFLMPNHPAAGI SARIEELAHPCPNWAGF SGAEEKTRGALYCLTPGD

LCGVEPKACGYKDLM

Glass Shrimp Putative Nuclease: Pleocyemata; Caridea; Palaemonoidea; Palaemonidae;
Source: Eukaryota; Metazoa; Arthropoda; Crustacea; Palaemonidae sp.

Malacostraca; FEumalacostraca; Eucarida; Decapoda; Nucleic Acid Composition

TGTAGCGTGAAGACGACAGAAGTAATACGACTCACTATAGGGCAAGCAGTG (SEQ ID NO: 19
GTATCAACGCAGAGTACGCGGGCTCCTTGTTCAGAGCTTTAAAGTCATGGCT
GGCAGGAGACAATTCTTCGTCTTATCTTTATATTTCGTGGCCTTTTGGAACCT
TTCCAAAGGTCAAGATTGCGCCTGGGATAAGGATGCAGACTTCCCACTTACT
CCTCCCCTTCTCTTGGATTCTTCCCTCAAGATGATATATCCAGTGT TAGAGG
GATCCCTCAGGATGGTACGAGTAGCAGCTGGCAGCACTATCACCGTCGCAT
GTTCAGGGACGACAATTAGCTGCTCTAGGTCTCGAGGCTGTTGGAGGGAAC
CTGTGCTGGGGGCCCAACTGATCACTGGTGATGGCACTGATAATGCCCTAA
ATGAGTTGGGATGTGTGACGCCGCATCTGAGAGCTTGCAGAAGAACCTGGG
TGCCTGTGAGATGCAGATCTTGGTACCTCCACGCAGTAGGATTTAATATTGC
CACTACAGGTTCATTCCATGAATTCGAAAGTATATGTTTCGATCACGCTGCA
GAGACTACTCTATACACAAAGCATACTCTCCATGGAGCCAACATCATAGCCA
AAGACGTGGATCCTAGCAGACCACCCTTCAAGCCCGATACTGGATTCTTCAC
GGTCGAAGTCAATACCGTTTATACTCAGGGTTCACAGCTGGCCTTGATGGAA
CAGCTGCUGGTGATTCTGCACTGGCCAACCAGATCATTAATCCAGATCAAG
AGCTGTTCATGTCTAGAGGTCACCTCTCTCCAGATGCTGACCATGTACTGAT
AGCTGAACAAGACGCAACTTATTACTTCATTAACGTTATGCCTCAGTGGCAG
GCATTTAATAATGGAAACTGGAAGTACTTGGAATTTGCTGGCAGAGATCTTG
CTGTAGCCCACGGCACTGACCTGACCGTCTACGATGGAGGTTGGGGAGTG
CTGGAACTGGATGACATTAATGGAAATCCAGTACAGATTTACCTGGGACTCA

GTGAAGGCAAAGAAGTTGTTCCAGCGCCTGCTCTCATGTATAAGATTCTGCA



US 7,435,794 B2

41

-continued
CGAAGAAAGCACTAACCGAGC TGCAGCTGT TATAGGCATCAACAACCCCCA
CATTACAGTGGCTCCAACTCCTATTTGCACTGATAT CTGCTCCAGTCTTACAT
GGATTGACTTCGACATTACTGACCTCTTCCGTGGTT TTACATACTGCTGCAC
CGTTGATGATCTCAGAGCAGCCATTCCTCACGTTCCTGATCTTGGARATGTT
GGTCTTTTGGACAGTTAAACATCCGTGACACTCTGTGAAAGAGGATCAGTTG
TCGTGGGAATTGTTATARATGAATARATAATGACTACAGTAAAAAAAGAAARA

AAAAAAAAAADDADNDD

Amino Acid Composition

MAGRRQFFVLSLYFVAFWNLSKGQDCAWDKDADFPLTPPLLLDSSLKMIYPVLE

GSLRMVRVAAGSTITVACSGTTISCSRSRGCWREPVLAAQLITGDGTDNALNEL

GCVTPHLRACRRTWVPVRCRSWYLHAVGFNIATTGSFHEFESICFDHAAETTLY

TKHTLHGANI IAKDVDPSRPPFKPDTGFFTVEVNTVYTQASQLALMEQLLGDSAL

ANQIINPDQELFMSRGHLSPDADHVLIAEQDATYYF INVMPOWQAFNNGNWKY

LEFAGRDLAVAHGTDLTVYDGGWGVLELDDINGNPVQIYLGLSEGKEVVPAPAL

MYKILHEESTNRAAAVIGINNPHITVAPTPICTDICSSLTWIDFDITDLFRGFTYCCT

VDDLRAAIPHVPDLGNVGLLDS

42

Mangrove Fiddler Crab Putative Nuclease:

Source: Eukaryota; Metazoa; Arthropoda; Crustacea;

Malacostraca; FEumalacostraca; Eucarida; Decapoda; Nucleic Acid Composition

Pleocyemata; Brachyura; Eubrachyura; Ocypodoidea; Ocy-

AAGCAGTGGTATCAACGCAGAGTACGCGGGGGGGAGAAGCACTGCGCTGA
GAGAAGCAGAGAGGAAATGGATCTCCGACGAAGATTCTCCCGGACCTTACA
ACTGGTAGTCCTTCTCTTCGCCTGTGCAAGCAATTGCTTTGGATGCGAGTGG
GACAAAGACTTGGACTTCCCTGAACACCCGCCGCTCATCATTAACAACCAGC
TAGATTTCGTGCTGCCGGTGTTGGAGGGAGTCAACAGGGTGGTGAGGGTG
GCAGAGGGAGAAACCGTGACTCTGGCGTGCTCTGGTAGCGAGTTGGTAAAT
CTTGGGGAAGCAGAGGTGCAGGCTCGGTGCCTCAGCAGTGGCCTCCTAAC
GATCGGTGATGCAGAGTGGGACTTGGCGAGCCTEGGTTGCagCAGTGATGTA
AAAGAGACCATTTTCCGCGACCTGGGGACCTGCGGCGCCGGTGGTGTCGG
GATCCTAAATGGCATTGGCTTCCAGATTTTCAGTCTCAACTACGACAAAGTG
ATCATTAACGTTTGCTTCGAAGCAGCTTCCGAGACGACCCTCTTCACTGATC
ACATCCTCCACGGCGCCGACATCGCCGCTAAGGACGTAGAGGCGTCCAGG
CCGTCCTTTAAGACTTCCACAGGGTTCTTCAGTGTCTCTATGAACACCGTGT
ATTCGCAGAACTCGCAACTCCAACTCATGACTAGTATTCTCGGAGACGAGGA
CCCCGCCAATACAATTATTGACCCTTCCAAACAACTATACTTCGCAAAGGGT
CACATGTCTCCTGACGCCGGTTTCGTGACTATAGCAAGCCAGGATGCCACC
TATTACTTCATCAATGCCTTGCCACAGTGGCAGGCCTTCAACAATGGCAACT

GGAAGTATCTGGAGACTAACACGCGAAATCTGGCAATGAAGAAGGGACGCG

podidae; Ocypodinae; Uca complex; Uca; Uca crassipes

(SEQ ID NO: 21)
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-continued
ACCTTCGGGTGTACAGTGGTGGGTGGGATGTCCTGGAGCTGGACGACATTA
ATGGCAATCCCGTGAAGGTCTTCCTGGGAC TGACAGAAGGCAAGGAGGTAG
TGCCCGCGCCTGCCATCACCTGGAAGGTGGTACACGATGAGTCCACTAACT
GCGCCGETGGCCGTAGTGGGCGTCAACAACCCGCATC TCACCGCCGCCCCC
GCCACGCTTTGTGAAGACCTGTGTTCCTCGCTCTCCTGGATCACCTTCGAC
GTTAGCAGTCTCGCAAGCGGGTACACCTACCGCTGT TCCGTGGCGGAACTG
CGCGECCTCGETGCCCCACGTTCCTGACTTAGGCAATGTCTGTCTTCTCACC
GACTAAAGACGAAACACATGTTGGAGTGACCCAGTAAATGGACAGTGGTGA

CATCAGGTTGACCTAATCATAATAGTGTCATCATGCTAAAAAAAALNRD

Amino Acid Composition

MDLRRRFSRTLQLVVLLFACASNCFGCEWDKDLDFPEHPPLIINNQLDFVLPVLE

GVNRVVRVAEGETVTLACSGSELVNLGEAEVQARCLSSGLLTIGDAEWDLASL

44

(SEQ ID NO: 22)

GCSSDVKETIFRDLGTCGAGGVGILNGIGFQIFSLNYDKVIINVCFEAASETTLET

DHILHGADIAAKDVEASRPSFKTSTGFFSVSMNTVYSQNSQLQLMTSILGDEDP
ANTIIDPSKQLYFAKGHMSPDAGFVTIASQDATYYFINALPOQWQAFNNGNWKYL
ETNTRNLAMKKGRDLRVYSGGWDVLELDDINGNPVKVFLGLTEGKEVVPAPAIT
WKVVHDES TNCAVAVVGVNNPHLTAAPATLCEDLCSSLSWITFDVSSLASGYTY
RCSVAELRASVPHVPDLGNVCLLTD

35
I1. DSN Preference (DSNP) Assay—Methods of Detection of
the Sequence(s) and Sequence Variants in Nucleic Acid
Samples

A. General Description 0

Under certain conditions, the subject nucleases specifically
recognize and cut perfect short DNA/DNA (and/or DNA/
RNA) duplexes with higher activity then non-perfect
duplexes of the same length. Thus, subject nucleases are
capable of discriminating between a single nucleotide mis-
match in the short duplex (which is not cut by the enzyme) and
a perfect duplex (which is cut by the enzyme) (FIG. 1). This
ability of subject nucleases in the employed in the methods
for detection of nucleic acid sequence(s) and sequence
changes including single base is described below.

45
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A schematic diagram of the DSNP assay is provided in
FIG. 8. In these methods, the sample of nucleic acids to be
tested is mixed with subject nuclease and labeled probe oli-
gonucleotide. Probe oligonucleotide can form perfectly
matched duplexes with sequence (or sequence variant) of
interest. In certain embodiments, probe oligonucleotide is
labeled by fluorescent donor and fluorescent quencher (or
acceptor) pair and can generate specific signal after cleaving.
In other embodiments, probe oligonucleotide is labeled by
another label known in the art as described previously.

55

60

The resultant mixture is incubated under conditions suffi-
cient for generation of the duplexes between target sample
nucleic acids and probe oligonucleotide. The perfectly
matched duplexes generated are cleaved by the subject
nuclease. Examples of the appropriate conditions are
described in details in Examples section below.

65

After incubation, the cleaving of the probe oligonucleotide
is examined. The manner in which the cleaved oligonucle-
otide probes are detected necessarily depends on the nature of
the oligonucleotide probe label. For example, where the
detectable label is an isotopic label positioned at one end of
the probe, one can assay for detectably labeled fragments that
are shorter than the full-length probe size and, in this manner,
detect the presence of cleaved probes. In certain embodi-
ments, the change of the fluorescence intensity of the testing
sample is measured and compared with the change of the
fluorescence intensity of the positive and negative control
samples that are known to comprise or not comprise sequence
of interest. The fluorescence intensity change in the testing
sample that exceed the fluorescence intensity change in the
negative control and comparable with fluorescence intensity
change in the positive control sample support is an indication
of the presence of the sequence of interest in the testing
sample.

As mentioned above, the above general methods can be
used to detect the presence of a single nucleic acid sequence
variant of interest in a sample or a plurality of different
nucleic acid sequences in a sample (e.g. for testing both allelic
variants at one or for testing several microbial strains, etc.).
When a plurality of different nucleic acid sequence variants
areto be detected in one tube, a specific probe oligonucleotide
for each sequence (sequence variant) to be detected is used. In
this case, the only limitation is that a labeling system, i.e.,
signal producing system of one or more entities, should be
employed that provides for ready differentiation of different
oligonucleotide probes to different target nucleic acid
sequence variants (FIG. 9). Alternatively, in the case of the
array of the subject invention (described below), the oligo-
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nucleotides may contain a same label, because the signals for
different sequence variants would be different by their posi-
tions.

For these DSNP assay methods, the following starting
materials may be used:

1-Nucleic Acid Sample Containing Sequence(s) of Interest.

The nucleic acid sample being analyzed can be obtained
from any source and can be obtained from these sources using
standard methods. The sample might include single-stranded
DNA or double-stranded DNA (e.g. genomic DNA) in linear
or circular form. Depending on the particular interest, the
sample may be treated by different methods known in the art,
e.g. mechanical shearing, restriction enzyme digest, etc. In
some embodiments, the sample may be from a synthetic
source. In some embodiments, nucleic acids in the sample
may be amplified by PCR or other methods known in the art.
In some embodiments, nucleic acids to be tested are RNA,
natural or synthesized (for example synthesized from T7 pro-
moter-containing PCR amplified DNA by known methods).
In some embodiments, in this case the prior step is prepara-
tion of the first strand cDNA that may be performed using any
method known in the art. In other embodiments. In other
embodiments, nucleic acid sample is RNA that is used
directly from its naturally occurring source or synthesized. In
certain embodiments, region comprising sequence(s) of inter-
est is amplified by PCR using specific PCR primers. The
length of the PCR product may vary, but usually range from
10 to 1000 bp, more usually from 60 to 500 bp.

2-Subject Nuclease.

A variety of different nucleases may exhibit the specific
properties described above under specific cleavage condi-
tions and thus may be employed in the subject methods.
Representative nucleases of interest include but are not lim-
ited: cation-dependent endonucleases from different sources
including DNAase K from Kamchatka crab (Menzorova, et
al., Biochemistry (Moscow), vol. 58 (1993) (in Russian) pp.
681 to 691; Menzorova, et al., Biochemistry (Moscow), vol.
59 (1994) pp 321 to 325), Dnase [ family members (like well
known bovine DNAase I)(I.iao T H. Mol Cell Biochem 1981
Jan. 20; 34(1):15-22), non-specific nucleases like shrimp
nuclease (Chou & Liao; Biochemica et Biophysica Acta, vol.
1036 (1990) pp 95 to 100; Lin et al., Biochemica et Bio-
physica Acta, vol. 1209 (1994) pp 209 to 214; Wang et al.,
Biochem. 1., vol 346 (2000) pp 799 to 804), and Ca** Mg**-
dependent endonuclease from sea-urchin (Menzorova, N. L.,
Rasskazov, V. A. Biokhimiia (Rus) 1981; vol 46 pp 872 to
880), and the like. Of particular interest in many embodi-
ments are the novel specific nucleases described herein,
including the crab duplex-specific nuclease (crab DSN).
3—Buffer for the Subject Nuclease (DSN Buffer).
4—Probe Oligonucleotides.

The specific complementary short oligonucleotide is
designed for each sequence or sequence variant to be tested.
The length of the probe oligonucleotide typically range from
9 to 30 nt, usually 10-15 nt if nucleic acid samples are DNA
and 15-20 nt if nucleic acid samples are RNA. Each probe
oligonucleotide is labeled by detectable label as known in the
art. Preferably labeling is performed using fluorescence
donor and quenching agent (or fluorescence acceptor). Pref-
erably the oligonucleotide probes are labeled using fluores-
cence donors with different color to generate sequence-spe-
cific fluorescence after cleaving. In other words, each probe
oligonucleotide is labeled to generate fluorescence at specific
wavelengths after cleaving. The primers and oligonucleotides
used in the methods of the present invention are DNA, and can
be synthesized using standard techniques.
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B. Examples of DSNP Assay.

1. Detection of Point Mutations (SNPs) on DNA Samples
(e.g. cDNA or Genomic DNA) in Solution with Fluores-
cence-Labeled Oligonucleotide Probes.

1.1. Initially, the DNA fragments containing the SNP site of
interest are amplified by PCR. Following amplification, an
aliquot of the PCR reaction is mixed with DSN and with
two probe oligonucleotides labeled with the fluorescence
donor (at the 5' end) and quencher (at the 3' end). Each
signal probe generates fluorescence at specific wave-
lengths after cleaving. The first oligonucleotide is comple-
mentary to the wild-type sequence, while the second is
complementary to the mutant sequence. The mixture is
incubated with DSN during which the nuclease cleaves the
PCR product to generate short DNA fragments that can
effectively hybridize with signal probes. All perfectly
matched duplexes generated by the DNA template and
signal probes are cleaved by DSN to generate sequence-
specific fluorescence. Incubation conditions are dependent
at least in part on probe oligonucleotide length and com-
positions. In certain embodiments (when 10 nt probe oli-
gonucleotides is used), the incubation is performed at tem-
perature range from 29t0 37° C. (e.g. at35° C.) for a period
2-6 h (or longer).

1.2. To improve signal intensity, the DSN cleavage reaction in
the method described in section 1.1 is performed in the
presence of exonuclease-deficient Klenow fragment (KF
(ex0-)), which catalyzes strand displacement DNA synthe-
sis by extension of the 3'-ends generated in the PCR frag-
ment upon DSN nicking activity. Displaced DNA strands
are involved in a genotyping reaction that results in a 5-20
times increase in the specific fluorescent signal. In certain,
the incubation is performed at temperature range from 29
t0 37° C. (e.g. at 35° C.) for a period 30 min-2 h.

1.3. Initially, the DNA fragment containing the SNP site of
interest is amplified by PCR. Following amplification, an
aliquot of the PCR reaction is mixed with DSN and with
two fluorescence-labeled oligonucleotide probes as in sec-
tion 1.1. The resulted mixture is incubated at temperature
of fragmentation that is optimal for DSN cleaving (usually
from 50 to 65° C.) for period sufficient for cleaving of the
PCR product to generate short DNA fragments (usually
from 7 to 20 nt). The incubation time may vary, but usually
ranges from 10 min to 1 h, more usually 20-30 min. After,
the resultant mixture is incubated at annealing temperature
(usually 35° C. for 10-mer oligonucleotide probes) for a
period sufficient for hybridization of probe oligonucle-
otides and target nucleic acid fragments and for cleaving of
all perfectly matched duplexes generated. The incubation
time may vary, but usually ranges from 5 min to 2 hrs, more
usually from 10 to 30 min.

This method can be employed to either qualitatively or quan-

titatively detect the ratio of the mutant and wild-type

sequence variants in the sample. The ratio of two labels
reflects the ratio of mutant nucleic acids and wild type nucleic
acids in the sample.

1.4. The PCR products (obtained as described in previous
examples) are first incubated with DSN at temperature of
fragmentation without probe oligonucleotides. Probe oli-
gonucleotides are added to the reaction during or after this
step and the resultant mixture is incubated at annealing
tempereature. This method can be employed to either
qualitatively or quantitatively detect the ratio of the mutant
and wild-type sequence variants in the sample. The ratio of
two labels reflects the ratio of mutant nucleic acids and
wild type nucleic acids in the sample.
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1.5. In the methods described above (sections 1.1 to 1.4), two
fluorescent dyes are employed to distinguish between
wild-type and mutant sequences in one tube. However, the
assays may be also performed when both probe oligonucle-
otides generate one type of fluorescence. In this case, wild-
type and mutant sequence-specific probe oligonucleotides
are mixed with DNA substrates in two separate tubes.

1.6. In some cases (e.g. DNA samples with low complexity),
the initial PCR amplification step may be excluded from
the methods described above (sections 1.1 to 1.5). For
example, plasmid DNA comprising sequence of interest
may be tested in DSNP assay directly without PCR ampli-
fication. Purified PCR products may also be used in the
assay.

The SNP detection using DSNP assay was examined on sev-
eral models, using homozygous and heterozygous DNA
samples. All the results obtained with the DSNP assay were
confirmed by DNA sequencing.

The DSNP assay variant described in the section 1.1 was
performed on two PCR fragments of 144 bp that are different
in one nucleotide position were prepared: First sequence—
FT7normD—agtacgctcaagacgacagaagtacgc-
ccgggcegtactetgegtigttaccactgetttggagetccaattcgee  ctatagt-
gagtcgtattattctgtegtettcacgetaca  (SEQ 1D NO:23) and
Second sequence—1T79cD—agtacgctcaagacgacagaag-
tacgecegggcgtactetgegttgttaccactgetttggagetccaattegee  ctg-
tagtgagtcgtattattctgtegtettcacgetaca (SEQ ID NO:24). Each
fragment was amplified to concentration of about 10 ng/mkl
and then mixed with pair of fluorescently labeled oligonucle-
otides: TT79¢D sequence specific 5'-TAMRA-GCCCTG-
TAGT-DABCYL-3' (SEQ ID NO:25) and FT7normD
sequence specific  5'-Fluorescein-GCCCTATAGT-DAB-
CYL-3' (SEQ ID NO:26). Reaction mixture (20 mkl) con-
taining 15 mkl PCR reaction (in Advantage KlenTaq Poly-
merase buffer, Clontech), 5 mM MgCl,, 0.25 mkM each
labeled oligonucleotide, 0.4 Kunitz-units crab DSN was incu-
bated at 30° C. for 3 h. Analysis of resulted fluorescence
showed strong FT7normD specific signal in FT7normD
sequence-containing sample and TT79¢cD-specific signal in
TT79cD sequence-containing sample (FIG. 10).

To demonstrate the DSNP assay on PCR products with
different size, PCR products of 952, 534 and 69 bp compris-
ing C- or T-variants of the 7028 C-T mitochondrial polymor-
phous site (in COX1 gene) were generated and used with a
T-variant specific probe oligonucleotide in the DSNP assay as
described in the section 1.2. PCR reactions were performed
with the Advantage 2 PCR Kit (Clontech). Each PCR reaction
(25 ul) contained 1x Advantage 2 Polymerize mix (Clontech),
1x reaction buffer, 200 uM dNTPs, 0.3 M each gene-specific
primer and 10 ng human total DNA. Fragments (69, 534, and
952 bp) comprising the 7028 C-T site of the COX1 gene were
amplified using three pairs of primers at the following posi-
tions: Dirl (6540-6559) and Rev1 (7492-7473); Dir2 (6792-
6811) and Rev2 (7345-7326); Dir3 (6991-7010) and Rev3
(7060-7041) (primer positions are specified according to
GenBank Accession Number NC__001807). In each case, 26
PCR cycles were performed at 95° C. for 7 s, 63° C. for 20 s
and 72° C. for 30 s.

For genotyping reaction, in each case, a 5 pl aliquot of PCR
products containing about 75 ng DNA was mixed with 1.5 ul
10xKF(exo-) buffer (Fermentas MBI), probe oligonucleotide
5'-Fl-gtgAgctaca-DABCYL-3' (SEQ ID NO:27) (to a final
concentration of 0.3 uM), 0.5 Kunitz unit crab DSN, 2 U
KF(exo0-) (Fermentas MBI) and milliQ water (to a final vol-
ume of 15 ul), and incubated for 1 h at 35° C. Clear results
were obtained with all PCR products as shown at photographs
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(FIG. 11). Photographs were obtained using an Olympus
S7X12 fluorescent stereomicroscope (FIG. 11A) and using a
Multi Image Light Cabinet (Alpha Innotech Corporation)
under UV light (FIG. 11B).

The DSNP assay scheme without PCR stage (as described
in the section 1.6) was demonstrated with plasmid DNA
(about 4 kb) comprising a 69 bp COX1 fragment (FIG. 11A).
For genotyping reaction, 5 mkl containing about 500 ng plas-
mid DNA in 1xDSN buffer was mixed with 1.5 ul 10xKF
(exo0-) buffer (Fermentas MBI), probe oligonucleotide 5'-F1-
gtgAgctaca-DABCYL-3' (SEQ ID NO:28) (to a final
concentration of 0.3 uM), 0.5 Kunitz unit crab DSN, 2 U
KF(exo0-) (Fermentas MBI) and milliQ water (to a final vol-
ume of 15 ul), and incubated for 1 h at 35° C. Photographs
were obtained using an Olympus SZX12 fluorescent stere-
omicroscope.

We further employed the DSNP assay (described in the
section 1.2) with two fluorescent dyes to detect specific poly-
morphisms in genetic loci contributing to susceptibility to
some diseases. We analyzed prothrombin 20210 G-to-A
polymorphism associated with an increased risk of venous
thrombosis and myocardial infarction (Poort, S. R.,
Rosendaal, F. R., Reitsma, P. H., Bertina, R. M. Blood 1996,
88:3698-3703.), C677T polymorphism of the MTHFR gene
associated with increased levels of total plasma homocys-
teine, a risk factor for coronary artery disease (Frosst, P.,
Blom, H. J., Milos, R., Goyette, P., Sheppard, C. A., Mat-
thews, R. G., Boers, G. J., den Heijer, M., Kluijtmans, L.. A.,
van den Heuvel, L. P, et al. Nat. Genet. 1995, 10: 111-113),
and p53 C309T polymorphism associated with carcinomas
(Abarzua, P., LoSardo, J. E., Gubler, M. L., Neri, A. Cancer
Res. 1995, 55: 3490-3494) in homozygous and heterozygous
DNA samples (FIG. 12). DSNP assay was performed as
described in example 1. The following PCR conditions and
gene-specific primers were employed: p53 (C309T polymor-
phism): 30 PCR cycles (95° C. for 7 s; 65° C. for 20 s; 72° C.
for 20 s) were performed with primers 5'-aaggggagcctcac-
cacg-3' (SEQ ID NO:29) and 5'-ccacggatctgaagggtgaa-3'
(SEQ ID NO:30); prothrombin (20210 G-to-A polymor-
phism): 30 cycles (95° C. for 7 s;63° C. for 20 s; 72° C. for 20
s), primers S'-atggttcccaataaaagtgac-3'(SEQ ID NO:31) and
S'-aatagcactgggageattga-3 (SEQ ID NO:32); MTHFR
(C677T polymorphism): 30 PCR cycles (95° C. for 7 s;63° C.
for 20 s; 72° C. for 20 s), primers 5'-cttgaaggagaaggtgtctg-3'
(SEQ ID NO:33) and 5'-aagaaaagctgegtgatgatg-3' (SEQ 1D
NO:34). The following signal probes were used: p53 (C309T
polymorphism):  pS3WT  (wild-type-specific)—5'-FI-
tggGeagtge-DABCYL-3'(SEQ ID NO:35) and p53M (mu-
tant-specific)—5"-TAMRA-tggAcagtge-DABCYL-3' (SEQ
ID NO:36); prothrombin (20210 G-to-A polymorphism):
F2WT—5'-Fl-getCgetgag-DABCYL-3' (SEQ ID NO:37)
and F2M—5'-TAMRA-gctTgetgag-DABCYL-3'(SEQ 1D
NO:38); MTHFR(C677T polymorphism): MTHFRWT—5'-
Fl-tcgGeteceg-DABCYL-3' (SEQ ID NO:39) and MTH-
FRM—5'-TAMRA-tcgActcccg-DABCYL-3'(SEQ D
NO:40).

DSNP assay described in the section 1.3 was used for
testing of the Factor V Leiden polymorphism G1691A in
homozygous and heterozygous DNA samples (FIG. 13).
Leiden mutation in factor V gene (Bertina et al., Nature 1994;
369: 64-7) is the most common genetic abnormality associ-
ated with hereditary thrombophilia. DNA samples were used
for PCR with factor V specific primers (5'-tactaatctgtaagag-
cagatc-3' (SEQ ID NO:41) and 5'-gttacttcaaggacaaaatacc-3'
(SEQID NO:42)) as described in example 1. A 5 pl aliquot of
PCR products containing about 75 ng DNA was mixed with
1.5 ul 10xDSNP buffer (1x buffer contains 50 mM Tris-HCl,
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8.0 and 5 mM MgCl,), probe oligonucleotides (to a final
concentration of 0.3 uM), 1 Kunitz unit DSN and milliQ
water (to a final volume of 15 pl), and incubated for 15 min at
60° C. and 10 min at 35° C. Fluorescence intensity was
measured on a spectrofluorimeter Cary Eclypse (Varian).
Plates were photographed using an Olympus SZX12 fluores-
cent stereomicroscope. The following probe oligonucleotides
were used: FV-WT 5'-Fl-aggcgaggaa-DABCYL-3' (SEQ ID
NO:43) and FV-M 5'-TAMRA-aggcaaggaa-DABCYL-3'
(SEQ ID NO:44).

Quantitative testing using DSNP assay as described in the
section 1.3 was also demonstrated (FIG. 14).

DNA samples containing normal and mutant sequence of the
ApoE gene (position 388) were used for PCR with ApoE
specific primers (5'-gcggacatggaggacgt-3' (SEQ ID NO:45)
and 5'-ggcectgeacctegeecgeggta-3' (SEQ ID NO:46)). Resulted
PCR amplified fragments were mixed in different proportions
as follow:

Sample Normal Mutant
number sequence, % sequence, %

1 100 0

2 80 20

3 60 40

4 40 60

5 20 80

6 0 100

7 0 0
(negative
control)

A 5 pl aliquot of PCR products containing about 50 ng DNA
was mixed with 2 ul 10xDSNP buffer, probe oligonucleotides
(to a final concentration of 0.25 uM), 1 Kunitz unit DSN and
milliQ water (to a final volume of 20 ul), and incubated for 15
min at 60° C. and 10 min at 35° C. The following probe
oligonucleotides were used: ApoEWT 5'-Fl-cgtgcgegge-
DABCYL-3' (SEQ ID NO:47) and ApoEM 5'-TAMRA-cgt-
gtgegge-DABCYL-3' (SEQ ID NO:48). Fluorescence inten-
sity was measured on a spectrofiuorimeter Cary Eclypse
(Varian).

2. Detection of Nucleic Acid Analytes in DNA Samples (e.g.
c¢DNA or Genomic DNA) in Solution with Fluorescence-
Labeled Oligonucleotide Probes.

DSNP assay is applicable for the nucleic acid analyte detec-
tion (for expression profiling, detection of the bacterial or
viral species and strains in complex DNA samples, e.g. for
diagnostic purpose, detection of a specific PCR products in
the PCR mixture without electrophoresis, etc.) For analysis of
each nucleic acid analyte a short oligonucleotide, that is
capable to hybridize nucleic acid analyte, is used. The oligo-
nucleotide is labeled at each end by a fluorescence donor and
quenching agent pair. The DSNP assay for nucleic acid ana-
lyte detection is carried out using any protocol described in
the previous section (section 1 of the Examples). In certain
embodiments, the prior amplification of the fraction enriched
in the sequence(s) of interest is performed, e.g. using PCR
with gene-specific primers. The detection of a signal level that
exceeds the signal level in sample incubated without nuclease
is an indication of the presence of the nucleic acid analyte in
sample.

To quantitative assessment of the nucleic acid sequence in
the sample, there are two variants: (1) introduction in the
nucleic acid sample the endogenous nucleic acid (control

20

25

30

35

40

45

50

55

60

65

50

nucleic acid) in known concentration; (2) using the nucleic
acid of known concentration that is present in a sample as
control nucleic acid. For quantitative analysis the oligonucle-
otide specific to the control nucleic acid, which is preferably
labeled by another label then label for nucleic acid analyte, is
added to reaction mixture. Comparison in cleavage rate of
these oligonucleotides allow to define quantity of nucleic acid
analyte in the sample. If both oligonucleotides are labeled by
the same label, analysis may be performed at separate reac-
tions.

3. DSNP Assay On RNA Samples In Solution With Fluores-
cence-Labeled Oligonucleotide Probes.

The DSNP assay is also applicable for detection of sequences
or sequence variants directly in RNA nucleic acids. As
example, RNA to be analyzed is a synthetic RNA prepared
using transcription from T7 promoter. In this method, 50-150
nt RNA containing the sequence(s) of interest is mixed with
fluorescence labeled sequence-specific probe oligonucle-
otide(s) of 15-25 nt long. Cleavage reaction is performed in
15-20 mkl containing 50 mM Tris-HCI (pH range from 7,5 to
8), at least 100 ng RNA, 5-7 mM Mg**, 0.3 mkM of each
labeled probe oligonucleotide, 0.4-1 Kunitz-units of DSN.
SNP detection is performed as described in the section 1.1 of
the Examples.

The method was tested in a model experiment (FIG. 15).
Fragment of p53 ¢cDNA was amplified by PCR with gene-
specific primers: 309dir—5'-AGGGGAGCCTCACCACG-3'
(SEQ ID NO:49) and 309rev—5'-CCACGGATCTG-
MGGGTGAA-3' (SEQID NO:50) and then is ligated with T7
promoter containing oligonucleotide. Following PCR reac-
tions were performed to prepare two PCR fragments the first
from 309dir and T7 primers and the second—from 309rev
and T7 primers. These fragments were used for RNA synthe-
sis from T7 promoter. One of the resulted synthetic RNA
corresponds to sence and another—to antisence RNA of p53
gene. These RNAs were mixed with fluorescently labeled
(TAMRA at S'end and quencher DABCYL at 3'end) oligo-
nucleotide (15 nt) that is complemented to sense RNA and
incubated with crab DSN. Reaction was performed in 20 mkl
containing 50 ng synthetic RNA; 25 mM Tris-HCl, pH7.8, 5
mM MgCl,, 0.25 mM fluorescent oligonucleotide. Reaction
was carry out for 3 hat35° C. and then was stopped by EDTA.
Fluorescence intensity change in the reaction containing
sense RNA was significant higher than fluorescence intensity
change in the reaction with antisense RNA (FIG. 16).

4. DSNP Assay for Analysis of Allele-Specific PCR Results.

Allele-specific amplification (ASA), also known as amplifi-
cation of specific alleles (PASA) and amplification refractory
mutation system (ARMS), is a generally applicable technique
for the detection of known point mutations, small deletions
and insertions, polymorphisms and other sequence varia-
tions. Several methods based on the ASA principle have been
described inthe art (Sommer, S. S., J. D. Cassady, J. L. Sobell,
and C.D. K. Bottema. Mayo Clin. Proc. 1989, 64: 1361-1372;
Newton C R, Graham A, Heptinstall L. E, Powell S J; et al.,
Nucleic Acids Research, 1989, Vol 17, Issue 7, pages 2503-
2516; Bottema C D, Sommer S S. Mutat Res 1993, 288
(1):93-102; Hodgson DR, Foy C A, Partridge M, Pateromich-
elakis S, Gibson N J. Mol Med 2002, 8(5):227-237; Dutton C,
Sommer S S. Biotechniques 1991, 11(6):700-2; Rust S,
Funke H, Assmann G. Nucleic Acids Res 1993, 21(16):3623-
3629; Ye S, Dhillon S, Ke X, Collins A R, Day I N. Nucleic
Acids Res. 2001, 29(17):E88-8; Liu Q, Thorland E C, Heit J
A, Sommer S S. Genome Res. 1997, 7(4):389-398; Myaki-
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shev MV, Khripin Y., Hu S, Hamer D. Genome Res. 2001,
11:163-169). DSNP assay is applicable for monitoring of the
formation of allele-specific PCR products during the ASA
(FIG. 16). This method utilizes allele-specific PCR primers,
each ofthat contains a universal 5'-tail short unique sequence
(e.g. 10-15 nt) that becomes part of the PCR product on
amplification.

PCR products may be obtained using any ASA modifica-
tion. After amplification, PCR products are mixed with DSN
and two probe oligonucleotides labeled with the fluorescence
donor and quencher as described above. Each probe generates
fluorescence at specific wavelengths after cleaving. The first
probe coincides with the unique universal sequence of the one
allele-specific primer and the second coincides with the
unique sequence of the other allele-specific primer. The mix-
ture is incubated with DSN, during which the nuclease
cleaves the PCR product to generate short DNA fragments
that can effectively hybridize with probe oligonucleotides.
Probe oligonucleotides anneal to the 5'-tail universal
sequences in the PCR products. All perfectly matched
duplexes generated by the DNA template and probe oligo-
nucleotides are cleaved by DSN to generate allele-specific
fluorescence.

Cleavage reaction with DSN for analysis of ASA results
may be performed using any protocol described above in the
section 1 of the Examples. Probe oligonucleotides of the
present example may vary but typically range from 9 to 25 nt
(usually 10-15 nt).

The method was tested in a model experiment for the
analysis of the 7028 C-T SNP in the COX1 gene. The allele
specific primers (MtL-C,'-gccctgtagtacacgtactacgttgttgec-3'
(SEQ ID NO:51) and MtL-T 5'-gctcgetgagacacgtactacgttgt-
tget-3") were used for PCR with common primer Mit70Rev
S'-acagctectattgataggac-3' (SEQ ID NO:52). PCR was per-
formed using the Advantage 2 PCR Kit (Clontech) as
described above. 25 PCR cycles were performed at 95° C. for
7s,62°C. for20s and 72° C. for 15 s. An 10 mkl of the PCR
products containing about 75 ng DNA was mixed with 1.5 ul
10xDSNP buffer, universal probe oligonucleotides FL-gccct-
gtagt-Dab (SEQ ID NO:53) (C-variant specific) and Tam-
getegetgag-Dab (SEQ ID NO:54) (T-variant specific) to a
final concentration of 0.25 uM, 1 Kunitz unit crab DSN,
milliQ water (to a final volume of 15 pl) and incubated at 60°
C. for 10 min and then at 35° C. for 10 min. Detection of
fluorescence signals was performed under UV light. A clear
result was obtained for both mutant and wild-type sequence
comprising samples.

5. DSNP Assay on a Solid Phase.

The DSNP assay is suitable for a microarray format with-
out the need for considerable modification. In this case, for
each sequence (or sequence variant) to be detected, a
sequence-specific labeled probe oligonucleotide is designed.
Probe oligonucleotides are immobilized on the solid phase
(microarray) through a spacer followed by a 10-25 nt specific
sequence, able to form perfectly matched duplexes with
sequence(s) of interest (e.g. in the case of SNP detection, for
each SNP two probes are used, which differ in the positions
corresponding to allelic distinction). Each probe is labeled
with a fluorescent donor and a quencher at the ends of the
specific sequence, so that a fluorescence signal is generated
on a microarray after cleavage by DSN. All probe oligonucle-
otides may be labeled by one type of the label (e.g. one type
of fluorescent donor), because the signals for different
sequence variants would be different by their positions. A
schematic diagram of the DSNP assay on a microarray is
provided in FIG. 17.
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6. DNA Sequencing

The DSNP assay is also useful for nucleic acid sequencing.
To determine the sequence of the nucleic acid of interest, the
nucleic acid is contacted under hybridizing conditions with a
full set of every possible oligonucleotide of the same length
(for instance, 10 nucleotides long) placed on solid phase.
Following treatment with an appropriate DNase, as described
in the section 1 of the Examples, above, cleaved oligonucle-
otides are detected as a means for determining which oligo-
nucleotides hybridized to the nucleic acid to be sequence. The
sequence of the test oligonucleotide is then compiled using
known protocols of sequencing by hybridization, known to
those of skill in the art and described in U.S. Pat. Nos. 5,525,
464; 5,700,637 and 5,800,992, the disclosures of which are
herein incorporated by reference.

II1. Production of Normalized and Subtracted Libraries and
Probes for Differential Screening

A. General Description and Advantages Provided

The methods are based on selectively cleavage of DNA in
DNA containing nucleic acid duplexes to retain the single
stranded DNA of'interest. As such, the subject methods can be
used for the elimination of the fractions of redundant and/or
common molecules of DNA during normalization and\or
subtractive hybridization. The methods proposed are simple
and are applicable for full-length subtraction/normalization
as well as for subtraction/normalization on fragmented
nucleic acids. These methods are applicable for cDNA sub-
traction/normalization as well for genome subtraction with-
out any modifications. Also, during subtractive hybridization
the enrichment in target molecules is accompanied by the
equalization of target molecule concentration that prevents
the rare transcript loss. Specific nucleases that may be used in
the subject methods are duplex specific DNA nucleases. In
certain embodiments, subject nucleases are heat stable
nucleases like crab DSN.

B. Normalization

The following method based on the selective amplification
of' normalized DNA ss-fraction formed by the partial reasso-
ciation of the denatured ds-cDNA may be employed to obtain
equalized ¢cDNA libraries. The following method does not
include the physical separation of the ss- and ds-fractions.
ds-DNA fractions are degraded by DSN (double-stranded
specific DNAse) whereas ss fractions are not degraded. After
DSN treatment, the molecules of the ss-fractions are ampli-
fied by PCR.

The equalized cDNA library was obtained as outlined in
the scheme (FIG. 18). The scheme does not show the ds-
c¢DNA synthesis that might be performed by different ways.
The method is applicable for both full-length and fragment
(or digested) DNA. The normalization of genomic DNA
samples might also be performed. The DNA must contain the
known terminal sequences (adaptors) that are ligated or are
attached during cDNA synthesis to DNA. Before normaliza-
tion, DNA samples is purified using methods known in the art,
precipitated by ethanol and dissolved in hybridization buffer.

For the normalization, DNA is denatured and then is
allowed to renature (hybridization step). Since the renatur-
ation of an individual sequence is the reaction of the second
order in respect to the sequence concentration, the renatur-
ation of abundant sequences are higher than those of rare
sequences, which results in the equalization of the ss-DNA
fraction.

After hybridization, the DNA sample is incubated with spe-
cific nuclease to degrade ds-DNA fractions. Then inhibition
of the nuclease activity (e.g. by heating) is then performed.
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After, residuary ss-DNA fraction may be amplified by PCR
with adaptor-specific primers. As a result, selectively ampli-
fied equalized cDNA is obtained.

The example of the appropriate protocol using crab DSN is
follow: ds cDNA (as noted above any other DNA samples
may also be used) is purified, precipitated by ethanol and
dissolved in milliQ water to final concentration at least 25
ng/mkl. Of about 100-150 ng of purified DNA is mixed with
hybridization buffer (50 mM HEPEC-HCI, pH8.3; 0,5 M
NaCl), denatured (e.g. at 97° C. for 3 min) and allowed to
renature (e.g. at 70° C. for 5-6 h). After, 1 mkl 10xDSN butfer,
0.5-1 Kunitz-units DSN and milliQ water to final volume 10
mkl are added to the renatured DNA sample. Resulted mix-
ture is incubated at 65° C. for 20-30 min. After incubation,
DSN is inactivated by heating at 97° C. for 7-10 min. Reaction
is diluted by milliQ water to 40 mkl, 1 mkl of the diluted
reaction is used for PCR to amplify normalized DNA.

This method was tested on cDNA sample prepared using
Smart PCR ¢cDNA Synthesis Kit (CLONTECH) and ampli-
fied in PCR using Advantage™ 2 PCR Kit with SMART 11
oligonucleotide primer. After 17 cycles of PCR, cDNA were
purified from unincorporated triphosphates and the excess of
primers using QJ Aquich PCR Purification Kit (Qiagen),
precipitated by ethanol and diluted in water to final concen-
tration 25 ng/mkl. 4 mkl DNA solution was mixed with 1 mkl
4x hybridization buffer and denatured at 98° C. for 3 min.
Afterwards, cDNA was allowed for renature at 70° C. for 6 h
and then mixed with 1 mkl 10xDSN buffer, 1 Kunitz-units
crab DSN and milliQ water to final volume 10 mkl. Cleavage
reaction was performed at 65° C. for 20 min. After incubation,
DSN was inactivated by heating at 97° C. for 7 min. Reaction
was diluted by milliQ water to 40 mkl, 1 mkl of the diluted
reaction was used in PCR using Advantage™ 2 PCR Kit with
SMART II oligonucleotide primer (FIG. 19). To analyze the
efficiency of normalization, the sequencing of the 400 inde-
pendent clones from normalized and non-normalized librar-
ies was performed. A percent of the redundant clones in
non-normalized library was 19%, whereas only 1% in nor-
malized library.

C. Supernormalization

The method described in this section is a modification of
the above normalization scheme. In this variant, DNA to be
normalized (that may be first strand cDNA, amplified cDNA,
etc.) is mixed with driver nucleic acids (RNA or ¢cDNA),
derived from the same tissues. If the driver nucleic acids are
DNA, the DNA preparation is performed so as DNA does not
comprise adapter sequences. During hybridization, addi-
tional hybrids, those are driver RNA-target DNA or driver
DNA-target DNA hybrids, are generated that allow effective
removal of abundant molecules from ss-fraction. As was
shown, DSN effectively cleave DNA in both DNA-DNA and
DNA-RNA duplexes. Thus, addition of driver nucleic acids
leads to most efficient removal of abundant molecules (as
compared to example I) from ss-DNA fraction.

As an example, normalized cDNA from human liver RNA
was prepared: polyA RNA from human liver (CLONTECH)
was used for full length first strand cDNA preparation by
Smart PCR ¢cDNA Synthesis Kit (CLONTECH). Reverse
transcriptase was heat inactivated. First strand cDNA was
purified and mixed with excess of liver polyA RNA, dena-
tured and hybridized overnight at 69° C. in buffer for hybrid-
ization (CLONTECH). After hybridization, hybridizing
DNA was diluted in DSN buffer and incubated with DSN at
65° C. for 30 min. The cleavage reaction was stopped by
heating. Then mixture was diluted to 40 mkl and 1 mkl was
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used in PCR with SMART 1I oligonucleotide primer. 28
cycles of PCR were performed (FIG. 20, line 2).

D. Subtractive Hybridization

A similar scheme was performed for subtractive hybrid-
ization (FIG. 21), only that driver nucleic acids is derived
from other than tester DNA source. The tester is genomic
DNA or cDNA flanked by adapters. Driver is DNA (genome
or cDNA) with no adapters or RNA (preferably mRNA).

1. At the first stage of the procedure the excess driver is added
to tester, the samples are melted and left to anneal. In the
course of hybridization, tester molecules that have their
pair in driver for the most part form hybrids driver-tester
and thus become removed from the ss-fraction. Mean-
while, target molecules are not affected by the “driver
pressing” and therefore ss-tester becomes enriched with
the molecules of this kind. Target molecules are also able to
form homohybrids with each other (reassociate). Reasso-
ciation progresses much more rapidly for high abundant
target molecules than for low abundant ones. As a result,
the concentrations of target molecules in ss-tester become
equalized. Driver abundant molecules also form driver-
driver hybrids and ss-driver molecules also remain.

After hybridization the sample is treated by DSN. DSN
cleaves DNA in DNA-DNA and DNA-RNA hybrids. Thus,
only ss-fractions remain. It was shown that DSN has low
activity to RNA both in ss-fraction and in RNA-RNA or
RNA-DNA hybrids. Thus, in the scheme where driver is
RNA, driver molecules are released from RNA-DNA hybrids
after DNA degradation. Moreover, DSN is thermostable and
DSN treating is performed at the temperature where hybrid-
ization is effective. Thus, an additional “driver pressing” to
tester occurs during DSN treating that leads to most effective
subtraction. After DSN treatment, target molecules (ss-tester
fraction) might be amplified by PCR with adaptor-specific
primers. Driver molecules (if driver is DNA) are not amplified
because they do not have these adapters.

2. In the course of hybridization, driver-tester hybrids are
generated most effectively by more abundant molecules.
To increase the power of subtraction additional freshly
denatured driver is added during hybridization. Excess of
driver for redundant molecules then appears much higher
than at the beginning, because the majority of them have
been already removed from ss-fraction of tester. In particu-
lar, the excess appears extremely high for molecules of
high-abundance class. This leads to the inversion of the
original disproportion in concentrations of redundant mol-
ecules: originally high- and medium-abundant transcripts
become almost entirely removed from ss-tester.

As an example, the subtractive hybridization “liver-lung”
was performed: full length first strand cDNA was prepared by
Smart PCR ¢cDNA Synthesis Kit (CLONTECH) from human
liver polyA RNA (CLONTECH). This first strand cDNA
(tester) was mixed with 50x excess of lung polyA RNA,
denatured at 99° C. for 2 min and hybridized overnight at 69°
C. in buffer for hybridization (CLONTECH). Hybridizing
DNA was diluted in DSN buffer and incubated with DSN at
65° C. for 1 h. To stop the reaction, EDTA was added. Then
mixture was diluted by ten folds and 1 pl was used in PCR
with SMART 11 oligonucleotide primer. 30 cycles of PCR
were performed (FIG. 20, line 3).
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It is evident that the above results and discussion that the
subject invention provides an important new nuclease with
novel activities that finds use in a variety of different appli-
cations. Therefore, the present invention represents a signifi-
cant contribution to the art.

All publications and patents cited in this specification are
herein incorporated by reference as if each individual publi-
cation or patent were specifically and individually indicated
to be incorporated by reference. The citation of any publica-
tion is for its disclosure prior to the filing date and should not

56

be construed as an admission that the present invention is not
entitled to antedate such publication by virtue of prior inven-
tion.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this inven-
tion that certain changes and modifications may be made
thereto without departing from the spirit or scope of the
appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 54

<210> SEQ ID NO 1

<211> LENGTH: 47

<212> TYPE: PRT

<213> ORGANISM: Kamchatka crab

<400> SEQUENCE: 1

Asp Leu Cys Ser Ser Leu Thr Trp Ile Asp Phe Asn Leu Asp Asp Leu

1 5 10

15

Ala His Gly Tyr Thr Tyr Cys Cys Ala Val Asp Asp Leu Arg Gln Ala

20 25

30

Ile Pro Tyr Ile Pro Asp Leu Gly Asn Val Gly Leu Leu Thr Asn

35 40 45

<210> SEQ ID NO 2

<211> LENGTH: 1419

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 2

aagcagtggt atcaacgcag agtacgeggg ggagatagga ctgagtgagt gagtgtgaga 60
gggaaagaag gaatggccaa catggagtcce aagcaaggaa taatggtttt gggattctta 120
attgtectece tettegtgte tgtcaatgge caggactgtg tgtgggacaa ggacacggac 180
tttecegagyg acccgecact cattttegat tcaaacttgg agcetcatcag acccgtetty 240
gaaaatggca aaaggatcgt cagtgtcccce agtggcagea gettaacctt ggectgetcet 300

gggtctgaac tgatcaacct gggcatggayg geggtggaag ccaagtgtge tgggggagte 360

atgcttgeca tagaaggaac ggagtgggag atctggagec tggggtgcag caaccacgtyg 420
aaggagacca tccgecgcaa ccttggaaca tgtggggaag cggaccaggg ggataggcac 480
agtattgget tcgagtacta cggtggctce atctattatg aactgatcag cgtgtgttte 540
gggccegtgt ccgaaacaac cttgegecacce gagcatgtece tecacggege caacattgece 600
gccaaggaca tcgagaccte cegeccectece ttcaagacct ccaccgggtt cttcagegte 660
tccatgteca cegtctacag ccaggegtca cagetgcagt taatgacaga catattggga 720
gattcggatc tagccaacaa catcatcgac cccteccaac agttgtactt cgecaaaggt 780
cacatgtcte ctgacgcaga ctttgtgacg gtggcagaac aggacgccac ctactactte 840
atcaacgeee taccgcagtg gecaggectte aataatggca actggaagta cctagaatac 900
gcgacccgag acctggecga atcccacggt agcegacctge gagtgtatag cggagggtgg 960

agcctgetge agctagatga tattaacggce aaccccegtgg acatcctget gggactgtcet 1020

gagggcaagg aggtcgtgcce cgttccatcce ctcacttgga aggtggttta cgaagagagce 1080
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-continued

agcagcaaag cggccgcegat cgtcggtatce aacaacccte acatcaccac cgcccectee 1140
ccettgtgtt ccgacctgtyg ctectecttg acctggatag acttcaacct ggacgacctg 1200
gctcacgggt acacctactg ttgtgccegta gatgacctec ggcaggccat accctatatce 1260
ccggacctgg gcaatgtegg actcctcact aactaattcect atctatctat catatatget 1320
caggcccaat ccccattttyg ggggtagecg aactcaagaa cagagccaag aaacagggaa 1380
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaa 1419
<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 3

tacattaatg ccgtccctceca gtgg 24
<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 4

caggccttta ataatggtaa ttgg 24
<210> SEQ ID NO 5

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 5

aggcctttaa taatggtaac tgg 23
<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 6

cctcagtgge aggctttcaa t 21
<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 7

cctcagtgge aggctttcaa ¢ 21
<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 8

gggtcgcgta ttctaggta 19
<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Paralithodes camtschaticus

<400> SEQUENCE: 9
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ccattattga aggcctgeca

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Uca crassipes

<400> SEQUENCE: 10

ggattgccat taatgtcgte

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Uca crassipes
<400> SEQUENCE: 11

ccactgtaca cccgaaggte

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Uca crassipes
<400> SEQUENCE: 12

aaccaaggct cgccaagtcce

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: grammarus
<400> SEQUENCE: 13

caatggtceg aattctgtte te
<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: grammarus
<400> SEQUENCE: 14

gtgactacge gcagagtgge

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Palaemonidae sp
<400> SEQUENCE: 15

ccagcactee ccaacctcec

<210> SEQ ID NO 16

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Palaemonidae sp
<400> SEQUENCE: 16

gtcaggtcag tgccgtggge

<210> SEQ ID NO 17

<211> LENGTH: 1424

<212> TYPE: DNA
<213> ORGANISM: grammarus

20

20

20

20

22

20

19

20
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-continued
<400> SEQUENCE: 17
tgtagegtga agacgacaga agtaatacga ctcactatag ggcaagcagt ggtaccaacg 60
cagagtactc gtcttccttt ttttttttgg tgttgctgecce ccactgtgca aacttgaggce 120
getgetettyg gcaactgaga aattctacga atcagacgat acacgcttca tagttcagac 180
cactttttgt tgtacaacta ttttttttta ttattatttt agttgtattt tattatttga 240
agagaagaaa gtttgtgcta caatttcaac actgcttcac aatattgtct tatacaggca 300
attgggaaat acatcactag agcgagactc cgaatatctyg tcacttcaaa agccggtcga 360
gaacttcgaa tgcgagagct ccatccagta caatgttttg cecttgggag gaggaaacga 420
agaggacgag gaggatagta ttggaggggt gagcgctttt ggctatgacce tcaaggaaac 480
tttctacace atctacaagt ttgagtttga taagacgaag atgatgagca gccgagtgga 540
ccacatccte cacggcaggg agttattgaa ggccgagect cacagggatt acaagttcag 600
aagtgatgca gtcctecectt ggggaagect caccaagatce aagaaatgcet actcgaatca 660
gaatcaagat gcggtgctge agcacttcca agatcaggga agtaatgaga aaagaaaata 720
ctttgcgega ggtcacctgg cagcaaatge agacttegtyg tcacaagacyg agcagaaagce 780
ttectacage ttcegecaacg tagcgectca gtggcagget ttcaacaatyg gcaactggaa 840
gaaacttgag aacagaattc ggaccattgc catgaaaaag gaagccactc tgcgegtagt 900
cactggcace tccacgggtce ttctgaaget caatagtagt tcetggacaac tggagaacgt 960
gtgcectgtgt gacggtgage cgcegtgtgt tectcectcectte ttttggaagg tgacgcccgce 1020
gttaagacaa gcgttcctga tgcctaatca tcecctgeccgeg ggaatatcag ccagaattga 1080
agaactggca catccttgte cgaattgggce aggtttctcet ggagccgaag agaagactcg 1140
aggagccectg tattgcctca ccccaggcga cctetgtgga gttgageccga aggcttgtgg 1200
atacaaagat ttaatgtgaa ctctatattt gcatttgaat aaccttcgta cgtcatttgg 1260
tcaaattttg ctctgtgttt gtatatacaa aatgtccagg aatggccaaa agtgcagagg 1320
ttggtaaatt cttagagttc aacctcgaag ttgatactaa tagttttgaa aattgaaata 1380
tatgtttaac gcagttaaaa aaaaaaaaaa aaaaaaaaaa aaaa 1424
<210> SEQ ID NO 18
<211> LENGTH: 392
<212> TYPE: PRT
<213> ORGANISM: grammarus
<400> SEQUENCE: 18
Gly Lys Gln Trp Tyr Gln Arg Arg Val Leu Val Phe Leu Phe Phe Phe
1 5 10 15
Gly Val Ala Ala Pro Leu Cys Lys Leu Glu Ala Leu Leu Leu Ala Thr
20 25 30
Glu Lys Phe Tyr Glu Ser Asp Asp Thr Arg Phe Ile Val Gln Thr Thr
35 40 45
Phe Cys Cys Thr Thr Ile Phe Phe Tyr Tyr Tyr Phe Ser Cys Ile Leu
50 55 60
Leu Phe Glu Glu Lys Lys Val Cys Ala Thr Ile Ser Thr Leu Leu His
65 70 75 80
Asn Ile Val Leu Tyr Arg Gln Leu Gly Asn Thr Ser Leu Glu Arg Asp
85 90 95
Ser Glu Tyr Leu Ser Leu Gln Lys Pro Val Glu Asn Phe Glu Cys Glu
100 105 110
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Ser

Asp

Lys

145

Met

Lys

Pro

Gln

Arg

225

Ser

Gln

Ile

Gly

Glu

305

Phe

Cys

Ala

Ala
385

Ser

Glu

130

Glu

Met

Ala

Trp

Asp

210

Lys

Gln

Trp

Arg

Thr

290

Asn

Trp

Pro

Pro

Leu

370

Cys

Ile

115

Glu

Thr

Ser

Glu

Gly

195

Ala

Tyr

Asp

Gln

Thr

275

Ser

Val

Lys

Ala

Asn

355

Tyr

Gly

Gln Tyr

Agsp Ser

Phe Tyr

Ser Arg
165

Pro His
180

Ser Leu

Val Leu

Phe Ala

Glu Gln

245

Ala Phe
260

Ile Ala

Thr Gly

Cys Leu

Val Thr

325
Ala Gly
340
Trp Ala

Cys Leu

Tyr Lys

<210> SEQ ID NO 19
<211> LENGTH: 1414
<212> TYPE: DNA

<213> ORGANISM: Palaemonidae sp

<400> SEQUENCE: 19

Asn Val Leu
120

Ile Gly Gly
135

Thr Ile Tyr
150

Val Asp His

Arg Asp Tyr

Thr Lys Ile

200

Gln His Phe
215

Arg Gly His
230

Lys Ala Ser

Asn Asn Gly

Met Lys Lys

280

Leu Leu Lys
295

Cys Asp Gly
310

Pro Ala Leu

Ile Ser Ala

Gly Phe Ser

360

Thr Pro Gly
375

Asp Leu Met
390

tgtagcgtga agacgacaga agtaatacga

cagagtacge

cgtcttatcet

ggataaggat

gatatatcca

caccgtegea

acctgtgetyg

gggatgtgtg

atcttggtac

gggetecttyg ttcagagett

ttatatttcg tggecttttyg

gcagacttce cacttactce

gtgttagagg gatccctcag

tgttcaggga cgacaattag

geggeccaac tgatcactgg

acgccgeate tgagagettg

ctccacgcag taggatttaa

Pro Leu Gly

Val Ser Ala

Lys Phe Glu

155

Ile Leu His
170

Lys Phe Arg
185

Lys Lys Cys

Gln Asp Gln

Leu Ala Ala

235

Tyr Ser Phe
250

Asn Trp Lys
265

Glu Ala Thr

Leu Asn Ser

Glu Pro Pro

315

Arg Gln Ala
330

Arg Ile Glu
345

Gly Ala Glu

Asp Leu Cys

ctcactatag
taaagtcatg
gaacctttee
tccecttete
gatggtacga
ctgctetagyg
tgatggcact
cagaagaacc

tattgccact

Gly

Phe

140

Phe

Gly

Ser

Tyr

Gly

220

Asn

Ala

Lys

Leu

Ser

300

Cys

Phe

Glu

Glu

Gly
380

Gly

125

Gly

Asp

Arg

Asp

Ser

205

Ser

Ala

Asn

Leu

Arg

285

Ser

Val

Leu

Leu

Lys

365

Val

Asn

Tyr

Lys

Glu

Ala

190

Asn

Asn

Asp

Val

Glu

270

Val

Gly

Pro

Met

Ala

350

Thr

Glu

ggcaagcagt

gctggcagga

aaaggtcaag

ttggattett

gtagcagetg

tctegagget

gataatgcce

tgggtgcctg

acaggttcat

Glu Glu

Asp Leu

Thr Lys

160

Leu Leu
175

Val Leu

Gln Asn

Glu Lys

Phe Val

240

Ala Pro
255

Asn Arg

Val Thr

Gln Leu

Leu Phe

320

Pro Asn
335

His Pro

Arg Gly

Pro Lys

ggtatcaacg
gacaattett
attgcgectyg
ccctcaagat
gcagcactat
gttggaggga
taaatgagtt
tgagatgcag

tccatgaatt

60

120

180

240

300

360

420

480

540



65

US 7,435,794 B2

-continued

cgaaagtata

tggagccaac

tggattette

ggaacagctyg

gttcatgtet

cgcaacttat

gaagtacttyg

ctacgatgga

ttacctggga

tctgcacgaa

tacagtggct

cgacattact

agccattect

gacactctgt

tacagtaaaa

<210>
<211>
<212>
<213>

<400>

tgtttcegate acgctgcaga

atcatagcca aagacgtgga

acggtcgaayg tcaataccgt

cttggtgatt ctgcactgge

agaggtcacc tctctecaga

tacttcatta acgttatgcc

gaatttgcetyg gcagagatct

ggttggggag tgctggaact

ctcagtgaag gcaaagaagt

gaaagcacta accgagctge

ccaactccta tttgcactga

gacctettee gtggttttac

cacgttcctyg atcttggaaa

gaaagaggat cagttgtcgt

aaagaaaaaa aaaaaaaaaa

SEQ ID NO 20
LENGTH: 404

TYPE :
ORGANISM:

PRT

SEQUENCE: 20

Met Ala Gly Arg Arg

1

Phe

Asp

Ile

Gly

Arg

Thr

Pro

Ser

Phe

145

Leu

Val

Val

Glu

Trp

Phe

Tyr

50

Ser

Ser

Gly

His

Trp

130

His

Tyr

Asp

Glu

Gln

Asn

Pro

35

Pro

Thr

Arg

Asp

Leu

115

Tyr

Glu

Thr

Pro

Val

195

Leu

Leu Ser
20

Leu Thr

Val Leu

Ile Thr

Gly Cys
85

Gly Thr
100

Arg Ala

Leu His

Phe Glu

Lys His

165

Ser Arg
180

Asn Thr

Leu Gly

Palaemonidae sp

Gln Phe Phe

Lys Gly Gln

Pro Pro Leu

40

Glu Gly Ser
55

Val Ala Cys
70

Trp Arg Glu

Asp Asn Ala

Cys Arg Arg

120

Ala Val Gly
135

Ser Ile Cys
150

Thr Leu His

Pro Pro Phe

Val Tyr Thr

200

Asp Ser Ala

gactactcta
tcctagcaga
ttatactcag
caaccagatc
tgctgaccat
tcagtggcag
tgctgtagee
ggatgacatt
tgttccageyg
agctgttata
tatctgetee
atactgctge
tgttggtett
gggaattgtt

aaaa

Val Leu Ser
10

Asp Cys Ala
25

Leu Leu Asp

Leu Arg Met

Ser Gly Thr

75

Pro Val Leu
90

Leu Asn Glu
105

Thr Trp Val

Phe Asn Ile

Phe Asp His

155

Gly Ala Asn
170

Lys Pro Asp
185

Gln Ala Ser

Leu Ala Asn

tacacaaagc

ccacccetteca

gettcacage

attaatccag

gtactgatag

gcatttaata

cacggcactyg

aatggaaatc

cctgetetea

ggcatcaaca

agtcttacat

accgttgatg

ttggacagtt

ataaatgaat

Leu

Trp

Ser

Val

60

Thr

Ala

Leu

Pro

Ala

140

Ala

Ile

Thr

Gln

Gln

Tyr

Asp

Ser

45

Arg

Ile

Ala

Gly

Val

125

Thr

Ala

Ile

Gly

Leu

205

Ile

Phe

Lys

30

Leu

Val

Ser

Gln

Cys

110

Arg

Thr

Glu

Ala

Phe

190

Ala

Ile

atactctcca
agcccgatac
tggccttgat
atcaagagct
ctgaacaaga
atggaaactg
acctgaccgt
cagtacagat
tgtataagat
acccccacat
ggattgactt
atctcagage
aaacatcegt

aaataatgac

Val Ala

Asp Ala

Lys Met

Ala Ala

Cys Ser

80

Leu Ile
95

Val Thr

Cys Arg

Gly Ser

Thr Thr

160
Lys Asp
175
Phe Thr

Leu Met

Asn Pro

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1414



67

US 7,435,794 B2

68

-continued
210 215 220
Asp Gln Glu Leu Phe Met Ser Arg Gly His Leu Ser Pro Asp Ala Asp
225 230 235 240
His Val Leu Ile Ala Glu Gln Asp Ala Thr Tyr Tyr Phe Ile Asn Val
245 250 255
Met Pro Gln Trp Gln Ala Phe Asn Asn Gly Asn Trp Lys Tyr Leu Glu
260 265 270
Phe Ala Gly Arg Asp Leu Ala Val Ala His Gly Thr Asp Leu Thr Val
275 280 285
Tyr Asp Gly Gly Trp Gly Val Leu Glu Leu Asp Asp Ile Asn Gly Asn
290 295 300
Pro Val Gln Ile Tyr Leu Gly Leu Ser Glu Gly Lys Glu Val Val Pro
305 310 315 320
Ala Pro Ala Leu Met Tyr Lys Ile Leu His Glu Glu Ser Thr Asn Arg
325 330 335
Ala Ala Ala Val Ile Gly Ile Asn Asn Pro His Ile Thr Val Ala Pro
340 345 350
Thr Pro Ile Cys Thr Asp Ile Cys Ser Ser Leu Thr Trp Ile Asp Phe
355 360 365
Asp Ile Thr Asp Leu Phe Arg Gly Phe Thr Tyr Cys Cys Thr Val Asp
370 375 380
Asp Leu Arg Ala Ala Ile Pro His Val Pro Asp Leu Gly Asn Val Gly
385 390 395 400
Leu Leu Asp Ser
<210> SEQ ID NO 21
<211> LENGTH: 1377
<212> TYPE: DNA
<213> ORGANISM: Uca crassipes
<400> SEQUENCE: 21
aagcagtggt atcaacgcag agtacgcggg ggggagaage actgcgctga gagaagcaga 60
gaggaaatgyg atctccgacg aagattctcce cggaccttac aactggtagt ccttetette 120
gectgtgcaa gcaattgett tggatgcgag tgggacaaag acttggactt cectgaacac 180
cecgecgetcea tcattaacaa ccagctagat ttegtgetge cggtgttgga gggagtcaac 240
agggtggtga gggtggcaga gggagaaacc gtgactctgg cgtgctcetgyg tagegagttg 300
gtaaatcttyg gggaagcaga ggtgcaggct cggtgectca gecagtggect cctaacgatce 360
ggtgatgcag agtgggactt ggcgagectt ggttgcagca gtgatgtaaa agagaccatt 420
ttecegegace tggggacctyg cggcgecggt ggtgteggga tectaaatgyg cattggette 480
cagattttca gtctcaacta cgacaaagtg atcattaacyg tttgcttcga agcagettce 540
gagacgacce tcttcactga tcacatccte cacggegecg acatcgecge taaggacgta 600
gaggcgtceca ggecgtectt taagacttcece acagggttet tcagtgtcetce tatgaacacce 660
gtgtattcge agaactcgca actccaactc atgactagta ttctceggaga cgaggacccece 720
gccaatacaa ttattgacce ttccaaacaa ctatacttceg caaagggtca catgtctect 780
gacgcceggtt tegtgactat agcaagccag gatgccacct attacttcat caatgcecttg 840
ccacagtggce aggccttcaa caatggcaac tggaagtatce tggagactaa cacgcgaaat 900
ctggcaatga agaagggacg cgaccttegg gtgtacagtg gtgggtggga tgtcctggag 960
ctggacgaca ttaatggcaa tcccgtgaag gtctteccectgg gactgacaga aggcaaggag 1020
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gtagtgccceyg

gtggeccgtag

gacctgtgtt

acctaccget

aatgtctgte

cagtggtgac

cgectgecat

tgggcgtcaa

cctegetete

gtteegtgge

ttctcaccga

atcaggttga

<210> SEQ ID NO 22
<211> LENGTH: 405
<212> TYPE:

<213> ORGANISM: Uca

PRT

<400> SEQUENCE: 22

Met

1

Leu

Leu

Phe

Glu

65

Leu

Thr

Asp

Gly

Tyr

145

Thr

Asp

Ser

Met

Pro

225

Gly

Ala

Glu

Val

Asn
305

Asp

Phe

Asp

Val

50

Gly

Gly

Ile

Val

Val

130

Asp

Leu

Val

Val

Thr

210

Ser

Phe

Leu

Thr

Tyr

290

Pro

Leu

Ala

Phe

35

Leu

Glu

Glu

Gly

Lys

115

Gly

Lys

Phe

Glu

Ser

195

Ser

Lys

Val

Pro

Asn

275

Ser

Val

cacctggaag

caaccecgeat

ctggatcacc

ggaactgcge

ctaaagacga

cctaatcata

crassipes

Arg Arg Arg Phe Ser

Cys Ala Ser Asn Cys

20

Pro Glu His Pro Pro

40

Pro Val Leu Glu Gly

55

Thr Val Thr Leu Ala

70

Ala Glu Val Gln Ala

85

Asp Ala Glu Trp Asp

100

Glu Thr Ile Phe Arg

120

Ile Leu Asn Gly Ile

135

Val Ile Ile Asn Val
150

Thr Asp His Ile Leu

165

Ala Ser Arg Pro Ser

180

Met Asn Thr Val Tyr

200

Ile Leu Gly Asp Glu

215

Gln Leu Tyr Phe Ala
230

Thr Ile Ala Ser Gln

245

Gln Trp Gln Ala Phe

260

Thr Arg Asn Leu Ala

280

Gly Gly Trp Asp Val

295

Lys Val Phe Leu Gly
310

gtggtacacyg

ctcaccgeeyg
ttcgacgtta
gecteggtge
aacacatgtt

atagtgtcat

Arg Thr Leu
10

Phe Gly Cys
25

Leu Ile Ile

Val Asn Arg

Cys Ser Gly

75

Arg Cys Leu
90

Leu Ala Ser
105

Asp Leu Gly

Gly Phe Gln

Cys Phe Glu

155

His Gly Ala
170

Phe Lys Thr
185

Ser Gln Asn

Asp Pro Ala

Lys Gly His

235

Asp Ala Thr
250

Asn Asn Gly
265

Met Lys Lys

Leu Glu Leu

Leu Thr Glu
315

atgagtccac taactgcgec

ccececgecac

gcagtctege

cccacgttec

ggagtcacce

catgctaaaa

Gln

Glu

Asn

Val

60

Ser

Ser

Leu

Thr

Ile

140

Ala

Asp

Ser

Ser

Asn

220

Met

Tyr

Asn

Gly

Asp

300

Gly

Leu

Trp

Asn

45

Val

Glu

Ser

Gly

Cys

125

Phe

Ala

Ile

Thr

Gln

205

Thr

Ser

Tyr

Trp

Arg

285

Asp

Lys

Val

Asp

30

Gln

Arg

Leu

Gly

Cys

110

Gly

Ser

Ser

Ala

Gly

190

Leu

Ile

Pro

Phe

Lys

270

Asp

Ile

Glu

getttgtgaa
aagcgggtac
tgacttaggce
agtaaatgga

aaaaaaa

Val Leu
15

Lys Asp

Leu Asp

Val Ala

Val Asn
80

Leu Leu
95

Ser Ser

Ala Gly

Leu Asn

Glu Thr

160

Ala Lys
175

Phe Phe

Gln Leu

Ile Asp

Asp Ala

240

Ile Asn

255

Tyr Leu

Leu Arg

Asn Gly

Val Val
320

1080

1140

1200

1260

1320

1377
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Pro Ala Pro Ala Ile Thr Trp
325

Cys Ala Val Ala Val Val Gly
340

Pro Ala Thr Leu Cys Glu Asp
355

Phe Asp Val Ser Ser Leu Ala
370 375

Ala Glu Leu Arg Ala Ser Val
385 390

Cys Leu Leu Thr Asp
405

<210> SEQ ID NO 23

<211> LENGTH: 114

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 23

agtacgctca agacgacaga agtacgcccg ggegtactet gegttgttac cactgetttg

Lys

Val

Leu

360

Ser

Pro

Val

Asn

345

Cys

Gly

His

Val

330

Asn

Ser

Tyr

Val

His Asp Glu

Pro His Leu

Ser Leu Ser

365

Thr Tyr Arg
380

Pro Asp Leu
395

Ser

Thr

350

Trp

Cys

Gly

Thr

335

Ala

Ile

Ser

Asn

gagctccaat tcgccctata gtgagtcegta ttattcectgte gtettcacge taca

<210> SEQ ID NO 24

<211> LENGTH: 114

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 24

agtacgctca agacgacaga agtacgcccg ggegtactet gegttgttac cactgetttg

gagctccaat tcgccctgta gtgagtcegta ttattcetgte gtettcacge taca

<210> SEQ ID NO 25

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 25
geecctgtagt

<210> SEQ ID NO 26

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 26
gecctatagt

<210> SEQ ID NO 27

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 27
gtgagctaca

<210> SEQ ID NO 28

<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: homo sapiens

Asn

Ala

Thr

Val

Val
400

60

114

60

114

10

10

10
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<400> SEQUENCE: 28

aaggggagcce tcaccacg

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 29
ccacggatct gaagggtgaa

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 30
atggttccca ataaaagtga ¢
<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 31
aatagcactyg ggagcattga

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 32
cttgaaggag aaggtgtctg

<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 33
aagaaaagct gcgtgatgat g
<210> SEQ ID NO 34

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 34

tgggcagtgc

<210> SEQ ID NO 35

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 35

tggacagtge

<210> SEQ ID NO 36

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

18

20

21

20

20

21

10

10
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<400> SEQUENCE: 36

getegetgag

<210> SEQ ID NO 37

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 37
gettgetgag

<210> SEQ ID NO 38

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 38
teggeteceyg

<210> SEQ ID NO 39

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 39
tcgacteeeg

<210> SEQ ID NO 40

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 40
tactaatctyg taagagcaga tc
<210> SEQ ID NO 41

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 41
gttacttcaa ggacaaaata cc
<210> SEQ ID NO 42

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 42
aggcgaggaa

<210> SEQ ID NO 43

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 43

aggcaaggaa

<210> SEQ ID NO 44
<211> LENGTH: 10
<212> TYPE: DNA

10

10

10

10

22

22

10

10
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<213> ORGANISM: homo sapiens

<400> SEQUENCE: 44

aggcaaggaa

<210> SEQ ID NO 45

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 45

geggacatgg aggacgt

<210> SEQ ID NO 46

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 46
ggcctgcace tcegeegeggt a
<210> SEQ ID NO 47
<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 47
cgtgegegge

<210> SEQ ID NO 48

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 48
cgtgtgegge

<210> SEQ ID NO 49

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 49
aggggagcct caccacg

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 50
ccacggatct gaagggtgaa

<210> SEQ ID NO 51

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 51
gecctgtagt acacgtacta cgttgttgec

<210> SEQ ID NO 52
<211> LENGTH: 20

10

17

21

10

10

17

20

30
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80

-continued

<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 52

acagctccta ttgataggac

<210>
<211>
<212>
<213>

SEQ ID NO 53

LENGTH: 10

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 53

geecctgtagt

<210>
<211>
<212>
<213>

SEQ ID NO 54

LENGTH: 10

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 54

getegetgag

20

10

10

What is claimed is:

1. An isolated divalent cation dependent thermostable
nuclease with atleast 95% amino acid sequence identity to the
amino acid sequence of a nuclease encoded by the nucleic
acid comprising SEQ ID NO:02.

2. The nuclease according to claim 1 wherein said nuclease
hydrolyzes single stranded nucleic acids and RNA in duplex
nucleic acids with lower activity than DNA in duplex nucleic
acids.

3. The nuclease according to claim 1 wherein said nuclease
cleaves deoxyribonucleic acid molecules in short completely
matched duplex nucleic acids with at least 10-fold higher
activity than in non-completely matched duplex nucleic acids
of the same length.

4. The nuclease according to claim 1 wherein said nuclease
is isolated from the Kamchatka crab.

5. The nuclease according to claim 2 wherein said nuclease
hydrolyzes single stranded nucleic acids and RNA in duplex
nucleic acids with at least 10-fold lower activity than DNA in
duplex nucleic acids.

30

35

40

45

6. The nuclease according to claim 1 wherein said nuclease
is recombinant.

7. A method of selectively cleaving deoxyribonucleic acid
molecules in duplex nucleic acids in a complex nucleic acid
sample, said method comprising: contacting said sample with
a nuclease according to claim 1 under DSN conditions for a
period of time sufficient for said duplex nucleic acids in said
sample to be selectively cleaved.

8. The method according to claim 7, wherein said method
comprises distinguishing duplex deoxyribonucleic acids
from single stranded deoxyribonucleic acids.

9. The method according to claim 7, wherein said method
comprises distinguishing completely matching duplex deox-
yribonucleic acids that include at least one deoxyribonucleic
acid molecule from non-completely matching duplex deox-
yribonucleic acids of the same length.

10. A kit for use in performing a method according to claim
7, wherein said kit comprises: a nuclease according to claim
1; and instructions for practicing a method according to claim
7.



